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Electronic Hand Calculators : 
The Implications for Pre-Col lege Education 

I. Introduction ■ . 



Explanation of the. Study ' 

There have been many misconceptions about this project. Therefore, 
it seems approprJ^j4 that this report should begin; by stating three 
things that this project was not . designed to do: 

- It was not designed to compare the reactions or beliefs of p 

*■ . . 

different groups about hand-held calculators. 
' - It was not designed to collect specific ^uses o f calculators 

■,.ln the classroom. - ' , ' 

-It was not_ designed to be the precursor of a development project 

(much as that may be needed). 
It was designed to provide a report to The National Science Foun- 
dation on the range of beliefs and reactions about calculators, and In ' 
particular on the arguments that were being used to support positions 
strongly favorable and str\n>ly negative toward the use of calculatora 
m elementally and secondary schools. From various sources,- an^ analysle 
• of the status of tihe calculator was to be develoned. 
In connectloif with this: 

(1) A rejstri(;ted questionnaire survey was conducted: the sampling 
was by design /latlonwlde, but it was not random. Therefore, 
the results cannot be st^tisticalXy compared for the purpose of-. 



Hereafter, the 
calculator, als 
(iiot In the co4p 



word calculatoi/ will ybe used to refer to the hand-held; 
o termed the electronic calcin^ator, the mini calculcutcsr 



^uter sense), £r the pocket calculator. 
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generalizing. The qufestions. were designed simply to el^it . 
ttle r^ge of reactions, to aid in' identifying the arguments 

b^ing.used. , 

(2) tU literature was surveyed to identify wh^C^s being: said 
Jn writing to argue for or against using calculators. 

(3) iaCfac^urers and distributors were surveyed in an attempt to 
lecure /information on the current and future status of sales 
and dei^el^opment . / 

(4:i&cper/ential reports ancl^research/^eports were^ut jnized ^to 
rTascertain what has alread^been learned about how ^tcj* use calcu^ 



f 

I 




lacors and the effect' of usi\ig calculators 



(si Telephoning to follow up on iikormation.. attending/ meetings;^ • 
: I and workshops (local, state, .regional, ^nd national) to learn 
I whafwas said by speakers and a^ence^. talking kth teacl^ers . 
and siinilar activities were also .\art /of the process of secjuring 



information. 

|(6) Position papers were requested on s^^ral topics, to provide 
ill-depth, thoughtful statements abo4 various /aspects related 
to the use of calculators . / \ 

Thus, the original ir(tent= of this pro4ct\was s:^mply: : 

(1) To collect information regarding /the uke or/ non-use of calculator 
and to form a list' of the reason^ why' 4duc|ktors and other^ 
believed that- the calculator shbuld" be iis^d in schools orjwhy 
the calculator should be banned in schools; \ 

(2) To analyze the arguments repotted by thqse questioned and " in 
the literature, in order to determine t/he potential impact or 
lack of impact of the calculated on the curriculum; and | 

(3.), To develop a critical analysis of yhatjias^^gdjias ^t l^een . 



ione with calculatbrs at pre-college levels, what knowledge . . 
^is or is not available about them, and what implications this 
has for education at the pre-college level. 

Procedures Used In the Study: Further Exp lication 

The steps taken to meet the purposes of the study, are described 
in more detail" In this section. 

(1) Collect information • _ 

Information was Collected in three ways': by itteans of queatlon- 
• nalres; by searching the literatuire; and by attending meetings 
and conferences. 

^ (a) Questionnaires ' 

Nine target audiences were identified: calculator manu- 
facturers; supply companies selling calculators; other 
marketing outlets; state supervisors of mathematics; -. 
school districts using and/or studying the use of calcu- 
lators, not using calculators, or banning the use of 
calculators; mathematics teacher educators; decision- 
makers in both elementary arid 'secondary schools (including 
teachers, administrators*, and supervisors); publishers 

■ ' of elemdntary- and secondary-school textbooks; and ^curri- 
culum developers. 

As the queationnaires to be sent to these groups/werd! 
being prepared, it became evident that these audiences 
were not all distinct Irt their composition. Therefore, 
five questionnaires 'were developed, to be sent to: 
calculator manufacturers and distributors, state supervisors 
: ^ V of mathematics, school personnel, teacher educators, and 

textbook publishers. (These questionnaires are contained 
in Appendix B.) • 

Certaiti questions or points were duplicated on two or more 
questionnaires, but in general the questions asked of one 
erburi differed from those asked another group. The intent 
las to secure a range of "pro" and "con" answers, rather 
than to compare the responses of one group with the 
• responses of -another. In some cases, telephone contacts 

— ■ ^ were niaJe t^a g^e^r-e~^a9lf^x,3Ad±tlonal informa in 

most cases, the questionnaires were sent ap returned" by ..^ 
mail. < . 

The samples were identified in various way;): 
- Calculator tianufacturers and distributorrwere determine^ 
primarily by perusal of the literature aijid advertisements 

8 



All those identified (N - 39) ^ere. sent a questionnaire; 
responses were received from only 7. In an attempt to 
secure further information, some were contacted by tele- 
phone. In addition, a "blind" request for advertising 
■ information was 'sent, and information on specifications 
of various calculators was collated from these materials. 

- Marketing outlets in' 20 selected cities were identified 
and a sample contacted by telephone. , However, the sam- 
pled outlets irtdflcated that they were unable to provide 
the type of information requested. Some similar, infor- 

mation was, however, secured from marketing journals. 

. ■ <^ . ' ' 

- A list of all those responsible for supervising mathema- 
tics in state departments of education w^s secured, and 
each person was sent a questionnaire (N « 86, plus 13 
Canadian supervisors). Responses were received from 

65 persons in 33 states and several provinces. 

- School districts and personnel involved in using calcu- 
^ lators or taking a position on banning calculators were 

identified by such procedures as scanning news reports, 
contacting state supervisors, and querying teacher 
educators, in addition to contacts made throug^ meetings 
and conferences. Each person identified was jlent a 
questionnaire (N - 58)/ Responses were received from 
16 teachers and 16 otHfer school personnel, ^n 20 states. 

- - Teacher educators who were in. a position to make sub- 
stantive statements about the implications of using 
calculators were (identified primarily through published 
membership lists.', An attempt was made to send a ques- 
tionnaire to at least one person in each state, as well 
as to -all major curriculum developers. Of 87 question- 
naires sent, 78 were returned, from 39 states. 

- All publishers of elementary- and secondary-school mathe 
matics textbooks (N 26X were sent a questionnaire. 
Responses were received from 13. * \ 

(b) Literature l 

Literature from the following sources was compiled and 
rev^iewed: 

Reports from calculator manufacturers and distributors. 

- Curriculum materials in ERIC and from other sources. 

- Other reports in ERIC (e.g,, opinion papers)- 

- Newspapers. 

- Educational Journals- listed in ERIC* b Current Index to 
Journals in Education. 
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- Non-education journals (including "popular" and "news" 
magazines . , 

- Research, including Journal-published reports, disser- 
tations, and other reports and monographs. 

- Position papers, conference reports, and other dociiine^s, 
(c) Meetings 

' Meetings which were attended included ones in MU^lemens/ 
-:. Michigan; Canton, Ohio; Washington, D.C.; Denv^ Color^4o; 
~ ■ and several in Columbus, Ohio. At these mreetings ther^ 

was opportunity to listen to presentations, attend wo/kshops , 
discuss with teachers and other educators, a/nd review the 
displays of manufacturers. 

■ • • ' \ 

(2) Collate, analyze, and' synthesize the in formation coll^fcted. 

This second stage of tke project was the necessary pirelude to 
the development of this report. Questionnaire resnbnses were 
collated, literature reports w.ere abstracted, and /information 
from meetings and discussions vfas culled./ Appendix A contains 
an annotate! list of most .of the literature surveyed. (It should 
be noted that not alll of the ai^ticle^ and reports deal with , 
hand-held calculators: some refer /o desk calc^iilators. It was, 
felt that in view of the limited Amount in pr^nt on hand-held \ 
calculat?)rs plus the similarity /n use of the /two types of 
calculators, there liight be. som^' information ^n^desk^caUudators 
which is applicable/ to Taand-h^d calculaJ:x>r-9-T^) 

Appendix B contains the complete sets of resijonses from ques- 
■ . ■ tionnaires, organized by type of respondee at^d by questidn. , . 



(3) Prepare report . " . 

The remainder of the body of this document is the analysis of 
- the above information. This is based on the data collected . 
during May, June, and July 1975, which was incorporated into 
■ the Interim Report, plus an analysis of what has occurred since 
the Interim Report was prepared, but without further data 
collection. A summary- is presented of the most meaningful 
. information "on: . ' 

- the availability of calculators, . 

- the status of the case against using calculators, 

- the status of the case for using GalculatDrs.,. — _ 



what is going on in schools, and 
- empirical evidence. ' - 

In the summary are specific recommendations related to the use 
of calculators. \ - ' 

10 



0 



-6- 



ERIC 



[Perhaps it should be reiterated that there is no statistical 
analysis of the Responses to the information obtained from 
the questionnaires. The samples were not randomly selected; _ 
the sampling, techniques employe^d were designed only to identify 
arguments which are being proposed for and against the use of . 
calculators in schools. No effort wds made to sample repre- 
sentatd:ively to estimate the extent to .which any group halds a . 
cer^ni position or Che praportian who a position for . a 

^certain reason/ That this type of survey should not be a goal 
of the project was stipulated by National Science. Foundation 
personnel early in the development of the proposal.] ^ 

In addition to the analysis in the body of the Final Report, 
several position papers were- prepared by persons who have 
devoted much thought and effort to the promises and problems 
posed by the use of c'alctilators in the elementary and secondary 
schools of this country. The topics were identified by a small 
group of persons meeting in Washington, D.C. on 31 July-1 August 
i9l5. The position papers are incorporated as Appendices 
c/u, E, and f! 



- Append i:i C: 



Appendix i^: 



Teaching Matliematics 'with the Hand-Held 
Calculator ■ . 

by^^ George Immerzeel,' Earl Ockenga,. and 

.Johii T,axr 

Hand-Held Calculators and Potential 



Redesign of the Schooj. Mathematics 



Curriculum 



by'il. 0. Pollak 



\ ■ 

- Appendix E:\ So me Suggestions for ' Needed Resear^ch 



on the Role, of the Hand-Held Electroni 



\ Calculator in Relatiob to School Mathematics 



Curricula 
by J. F. Weaver ^ 

- Appendix F: CalGulators and School- Arithmetic 



- t 

Some Perspectives I 

by.Zalman Usiskin anjd Max Bell 



/ 
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II. Availability of Caljculators ' 

' : During 1975, it was evlden,t that-cariculators. were--V^^ 
hotcakes". As prlpes tumbled . early in the .year , calculators lost their 
position as status symbols, and rekched_ tW point of being considered^ 
necessities by nianj. The level of sales and the implications of data' 
projections fdr the schools are considered in ^his s'sction. 



Sales 

- . calculator manufacturers (with one exception) were, to sky the least, . 
relic t'ant to disclose information on sales. Distributors indicated 
inkb'ility to access this • iliformation readily . Therefore, much of the / 
■information on sajes comes from published ao^rbes: marketing Journals ' 
such' ^s Discount sVore News . MerchandizinR Week , and Electronics regularl|--' 
publish both data and projections. / ^. ' , 

For the Interim Report on this proj4t, Shumway developed two tables 
to summarize ^such information on sales; one is on ^ sales estimates per, year:, 



Hand-Held. Calculator Sales Per- Year 
in the United, States 



as 



JO " 



Million^ IS 



5 + 



1,4 



.L, 



\ 



\ 



1^13 l^Tf >11S 



._! JL.-A 



/ 
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That such estimated' data are tenuous must be clearly understood 
: illustrate this, Usiskin. anil Bell (1976) cite data ''from a 1975 si^vey 
< "for industry by a reliable private research organization;* (p. 2)* ^eir 
data indicate sale^ of "calculators to have beeh 8.34 million in 1973/ 
10.52 miidion in 1974, and 12.77 million in 1975, wlth^a projection of 
l4.75"Tnillion in 1976. Another figure' is provided by Electronics 
"^(8 January 1976-), indi,cating that estimated gales are 21 million for 1976, 
'Jt is ^afe to say that the number of calculators ' being sold is large, _ 
.increasii^g each-^ear^^ and neither fully tabulated nor predictable! 

'- The sehond table developed by Shumway presents the data in terms of 
' cumifLative sales ©s timate^ : ' — 

- ' ■ .■ ■ ■= . ■ " ° ■ 

' \;. .Cumulative Hand-Held Calculator Sales ' ' . 

« ^ ' in 'the United States ' :/ - ' 




* Shumway provided; sales statls^tics^.f or i:he top five leading, magazines in 
1974 (included in the 192^1?^ to serve aa a 
referent for the magnitude of^the figures 



TV Guide 



Readers' Digest 

' National'"Geographic 8.8 million 




20.1 million FamflrMiltrcie 8.3 mlllibri 
18.8 million / Woman's Day^ --^7.9 million 



The dataVrovlded by ,Usiskin andjBell (1976, p. 2) are slightly more 
conservative r^lXB^Cpnics (8 January 1976) indicated that "sales of 
handheld calculators have just _about leveled in the.U. S.". . . The ■ 
balance of production' for all types of calculators has again shifted 

to Japan" (p. 86). Nevertheless, they predict that 1976 should be' a 

"solid year" for calculators i, 

Shumway reported that calculator sales -in over half the instances 

are being made to housewives and students for home and school use. 

However, it is fi^e-quently . noted 'in marketing reports that the actual 



users of cal^lators (especially the simpler ones) are>ot clearly /' 
det'^rmine/; it is particularly unclear' how many of the instruments are 



actually in the hands of students . As one visits schools and .talks/ with 



teachers, it is clear that this number is increasing. Shumway. aWo 

n-bted that more and more sophisticated models are being purchased 

each 'year (especially as cost has dropped and as familiarity increases). 



-Prices , 



"There are two price ranges whith seenji appropriate ^f or school use: 

(1) basic four- or five-function macl^ines with limited memory ;. 

(2) fairly sophisticated scientific calculsitors with functions 
such as x^ sfT, 1/x, xl , y"", log, \e^, arc, sin, cos, tan. 

.... ■ ^ ■ - • ■ ; ■ • , ;p ■ / 

. " sin h, degrees /radiaris, etc. ' ; ^ f 

Examples^f each of these "include: . . ^ / 

(1) basic four- or f ive-futvfction machines | $10 - $20 ^ 

e.g., Novus 650- ^ . / ' $/9.95 . f;99) 

• Sharp EL-BOOS / -$^9.95 ($13.95 



Texas 'Instruments TI-1200 , /$l9.:95 ($13-95) 

Rockwell 10-R ./ ($12.66). 



Prices in parentheses were observed in Columbus,- Ohio in August 1975. 

■ . ^ ■ :■■ ■ .14 ' 
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(2) scientific calculators / ^ Z ^ 

e.g., Melcor SC-635 /• $69.95 

Hewlett-Packard HP-21 $125.00 

• . • Casio fx-11 - $^9.95 

Texas Iflstruments SR-50A $99.95 ($.66.95) 



- Electronics', (8 January -1976)' indicated that sales of four-function, 

! ' ■ ' ' ■ 

personal calculators ar'e or will be: 

• 1974 $265 mil&on • 1 

1975 ' $268 million • . • 

1976 $276 million 

V. ■ ■ ■■ . ■ ■■, 

1977 • $301 million 



In his analysis of the siti^ation in August 1975 , ■ Shumway stated tha^ 

• ' . \ w — ' :•- ■ 

the predicted retail sales price \withirv one year for basic four- or 
five-function machines is. .$5. The, predicted retail sales price within^^ 
two years for scientific calculat^j^, is ;«5 . ^jnpJred J:hat to 
facturers '4Suld onXyljnake^^^^^ « however, 

have indicated that they believe that\ "rock bottom" has been- reached, 
and that prices will e,ither stabalize Vt current (February 1976) figures 
. oy begin to climbslightly for- basic f ou^- feme t ion cajLculators; prices 
for scientific calculatbrs may,- however ,\ continue to deGline (at least 

■ - V " • ' ■ . 

to some extent). This belief i? based on\ the' point that the production/ 
marketing factors which combined to drive f^ices downward in- 1975, parallel 
the situation of several years' ago with television sets: pricey now 
have no;*here to go but up, fpr basic foar-functian calculktors. Refine- ^ 
ifients are stjtH being made in the production of scientific calculators, ' ^ 
however; for instance, one company recently placed a calculator on ^the 
jiarket for $395, ^approximately half the cost of 'a comparaljie calcuT:atar 

from another company, ^ . ' . 

( ■ .... 

Perhaps the most pertinent point for educators is that it seeing, that 

v * ■ • ' 

• ■ '15:- . ■ ■; 



•prices of calculators appropriate for use in elementary and secondary 
schools will'not vary so greatly that ther^^ia^reason either to speed 
or procrastinate in purchasing calculators on economic grounds;. 

CurrenV Level of Use in Schools 

Eitimates of the extent to which calculators are now bein^^ used in 
school] are highly subjective. ,The project survey of school personnel 
suggestld that.about two-thirds of the schools used calculators Un some 
way: this figure, however, is biased, since many schools were identified 
•which wire known -to ' have "been using calculators . Meiringf s" (1975) 
' survey ot Ohio .secondary ^hools suggested that about 18% of «the schools 



responding had ^systematic use of calculators. Most of the use occurred 
in grade^ 11 and 12. Thirt)-four per. cent report tl?at calculators xyere 
^prphibiteii in some„-<flasses, or for certain classroota-attiyities (notably , 
• tests)., the/^lst six nionths (since these dkta were, collectgdlf . it^^ 

would appiay^hat m6-re teachers and schools have become involved irt ^ , • 
using th^calcula tor in some way: perhaps ap estimate in the range of 
25% tc/50%1 is th^ best projection that- can be made., , . , ^ _ 

\ . ■ ' ■ ■ ; 

5timates of F uture Use 

" 1 ' . ' ■ ■ ' ■ 

Given Ithe^data on pti-ces, the data on the number sold, and 'the ; . 

fa^ct that in the project" survey teacher .educators, state supervisors, 

and textb6o|, publishers, appear to be- VsoW" on the dW^irabilft^ ^ ^ the 

use of calcjilators in school^, "school use of- calculators is Ifkely to 

increase, factors which" might tend to control the use areX^ent and 

teacher rellctance'^ to allow calculators in the -classroom. A^.teacWs 

use calculators themselves, their "reluctance is/ likel-y to ;i 



and parents 
diminish. 



by 1979, this will alino«t>certairily be true. 



1977, there could be widespread use of caXei^lators it» Bchools; 
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■ III. The Cases For and Against Using Calculators In Schools 

A .primary purpose of thisfproject was to identify the positions 
which ei^ucators hold regarding \the use of calculators in elementary 
and secondary schools. When thL responses on the questionnaires sent 
to school personnel, state, supervisors of mathematics, and mathematics 
educators are analyzed, it becomes apparent that there isimuch^ similarity 
in their viewpoints. And in addi\tibn, : a redundancy is apparent . in many 
published articles, for these same points .are reflected ,over^d over. 



The most frequently cited r^a^otis for usin^ calci^l^^ors in 



schools^ 



are: 



(1) They aid iij- computatior/ .i They are practical, conyenreti^t, and 
efficient. , They remote drudgery and save time on tedio^)^ 
calculation. They ate les's frust/(:ating, especially for low /" 

■ achievers. They encourage speed and accuracy. 

(2) They-^faadlitate understanding /nd concept development .. / 

(3) They lessen tlie need for mejno/ization , especially as they/ 
reinf^orce basic facts and concepts with immediate feedbapk . ^ - 
They eijcoura^e estimation, /approximation, and verifdcation. 

(4) They help in problem solving . Problems can be mor^ realistic 
and the scope of problen^ solving pan be enlarged. ^ / 

(5) ^ They motiykte . They encourage curiosity, 'positive attitudes,/ 

and independence. 

(6) They ai4 in exploring, under s^tandj.1i^^^^^ and learning algorithmic^ 
". — I ■ • 

processes . / , ' - ^ . / 

(7) They incourage^ discovery , exploration, and creativity . 

(8) They/ exist > They/ are ^ here to s^y' in the "real world", so we 
; c antio t ignor e , t Weni. . 



are 



t/la^t Areasor/ " the pragmatic fact ^at they exist and ^/ that they 

hands o| increasing rnimbers of students is perhaps 
t4/(no^ CQtnpallirig. h4 they can be. used to facilitat^ each of the 




p^e^Tcljig in ij/he^ 



tUer/sj^^en beliefs is^t question that must b^ attacked, 

//'^/niost fjfequenAy cited reasons for not using calculators^ In 

at-GL that/: . / • ' " , 

(iV^^ t^ Qbuld be used, as substitutes for developing c omputational 

r sUilVsl : 4t\idents may Txot he motivated to master basic facts * 
/. and alsbr,lthms.._. 

(2) not available to all students . Because ythey cannot 

/af ford a calculator, some students are ai a disadvantage. 
(3;^ They tnay give a fal^e imprfession of wWat mathematics is . 
/ Math^atic.s may b'e^ equated to computation, performed without 
/ thinking. Emphasis, is on /the product rather than on the process; 

/■ " . ^ ^ ■ 

Structure is deemphasJ 



nphasized. Mental laziness and too 'much dep^n- 



• dence are encouraged; lack of understanding is; promoted. Sotne 
^ituiients and teachers will misuse th^n. ^ ; 

faSy^l-e^ddi^- .^- There 'is li&le pPL^nniUg or research. r ' 



(5) They Ifiidd tA /maintenance and secufitvnproblems . 



Ttie first 'Icontern --/that s^ucients will not le|rri basi(>-ma;t^ematical; 



skills ~ is one e/xp 



lresse(f/mo8t frequently by par^ts and by other 



members of the la/ public, /as reflected' (and^reated) by newspaper arti- 
cles. But it bu/llds a st^rawman, for fe>r educators- believe Chat children 
should Use calculators in place of^earning basic mathematicfl skiljLs. 
Rather, there/is a stTong belief that calculators can help ^Tiiiaren 



T 

develop- and Xearn mor 



to 



e mathematical skills and Ideas than possible ^ 



without the use of calculators; Much 'serious attention must! be Rl^en 



18 



'Bfeclmals and scli£ntlflc nota tion will be 



•ih first 



^rade^ /Children will work, with liiuiubers . such as ^ 
35 and J.. 893456, 08. The first nijitnber is that payby^ 



introduced earl^ 



/02857142L. e...- ^ . . , . w. 

bf a cake' each df 35 children would get if it is divided/into 
/35 equal parts;/ the second is 'the riumber if seconds a six- r. 
year-old child Las lived . Children- can and, will Work comfor- 
tably with suc^ numbers. Calculators .will facili'tate early 
continupUs experiences with-^ whole nlw cjass of numbers." ■ 

"Matheniatical/ exercises will.be more realistic . Exercises 
will no longer have to be chosen so that ithere atTPe integer 
solutions. So-called, 'grubby, numbers' ancl tediou^' calculations 
will be done with ease." ' • 



(6)1 "Calculatorik are fuL The motivational aspects of the hand-held 
I .qariCDlator /are exciting. Children create Itheir own interesting 
.•:f"probleni's»;-.?'wLow, achievers, generate new enthusiasm for mathematics 
" ibecaus^.t^hfey finally haVe no fear of beinf^ unable to perform 
/ Ithi.fieciet^ary calculations. Children are [eager, to do. mathematic 
when calc/ilators are available." 



' (8) 



f'The addition and multiplication algorithms for fractions can 
e del'ayted until algebra ." 1 



' (9) 



tThe calcul.a4<3r^-facilitates number sense . | Because of their 
kiirtllidlty' aM" speed, hand-held calculator^ will allow children 
•lo expfJre>;products, sums, powers, logarithms, trigonometric, 
functifes/ eW., with-' numbers of all sizes jwlth a frequency 
Hever,^eBore possible. Intuitive number sense will be 'much . / 
fkcilftatied, by such extensive, continuous, 'and early experiei;ice 
wjith /iiumbefip and their properties." ; 

■ P' ^l' ' " - ■ / i ' ■ ' ■ 

" Hanci-held cklculatc^Vs 'make calculations easy a nd practical r / 
f6r/all children . It must be remembered that decimal notation, 
A^a/bic numefals, zero, ^ajper-and-pencil algorithms, etc., x / 
we?e introduced not to teach mathematics , but- to make calcula- 
tijbns easier. The hand-held" calculator was invented for the 
'satne reason." ' • . 

VHand-held calculators stimulatei' interest in an d facilitate the 
/teachirig of ipathfematical concep /fcs. Homomorphic properties- of 
/functions, properties of logarithmic and .exponential functions, 
characteristics' of rational exfjonents, compounding continuous 
interest, ' combinatorics, trigc(nome'tric functions, limits, number 
-theory, etc. ;' can All be -lear/ned in more interesting tnanners 
. because of the ca/culational/power which the -.calculator provides 

" The calculatorgan'ibe used/ to- facilitate problem solving . 

Open exploration and new pyoblems can be-off ered to children 
'bfecause of. the facilitating calculational poweit which the 

d'aieulator-proj^ides. * For/ example;, learning to/ predict for what 
'integer values of x y^ill /l/x fill the calcmafor display -se^een- 
/teaches a gr^at deal abo/it our base ten numeration system and 

relative primes." ^' 



/ : 
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(12) " Hand-held calculators provld^ experience with the only prac- 
tical algorlthiiv which Is used /In society today . No^ business or 
prof essipn carries out extensive calculations withour the u^e 
of a calculator, MostfamilV financial calculations will soon 
be done by calculator." 

(13) "Hand-held calculators will /place the emphasis on when and 
what operation to use r^the^ than on how to perf ori^i the paper- 
and-pencll. ^Igorlthtn correctly. ^' 

(14) " There^villj:h^%ore Interest In estimation . Since calculator 
' errors'Tend to; be dramatli rather than minute, estimating 

• 'ballpark' answers will he useful in avoiding errors." 

(15) ' ^The power of mathematicj used by the common m.an w ill Increase 
a^stronomically . A simple example can be used to Illustrate 
this. Suppose it takes/ $10,000 per year for a particular couple 
to retire today* Assuming an annual inflation rate of 5. per 

■ -nt4; how much per yeat would be required 20 years from today? . 
Th^ sequence (1.05, yf, 20, x, 10,000, =) gives the answer of 
$26,533 in 10: seconds/ tailor-made ^ family financial planning 
would be much lmprove,d by 'such • calciilatlonal power." 

■ • • ■ I • ^. . ' ' • 

(16) '" More time will be ai^allable to teach mathematics in depth' . 
Since calculators increase the speed and accuracy with wh 1 ch 
children can do calculations, much more ' time will be available^ 
to leari> the concepts and principles of mathematics. ' 

(17) '^ New topics in mathematics can be Introduced into the curriculum , 
' The calculational power of the calculartor allows the consideration 

of aew toplcQ while the -de-erijphasis of paper-and-pencll algorithms 
- produces more time for new topics." 

Arguments Agalnsti Uslnj;; Calculators 

^ . Th6 extreme' of the point of : vlfevr'agklnst the use of calculator^ 
is represented by this statement: 

"Hand-held^ calculators should be banned from^^-^tlassroom 
use f^or mathematics." , ^ ; 

^ Arguments cited ip support of this position Include variations of/ these 
points: . ^ ' 1 • ' 

(1) " Hdnd-held calculators would destroy all motivation f o^ learning 
the basic facts .- Calculators do not remove the ^eed tfo..know 
basic facts such as ^9 x7. To raise children ^oWrun Jo their 
calculators for every' simple calculation would be fol^y, 
dependence on calculators would be most unfortunate. 'jf • 



Such 



(2)<<" The use of calculators w ould destro y th e, basic, matfnstream ' 
^ ma t hema t ics o F thq^ e lem enVaxyj-^io^^ Society ' b_ _ 

major objective for eltimentary-school mathematlca Lk^that 
children learn 'the basic facts and be able to perform the paper- 
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and pencil algorithms for addition, subtraction, multiplication, 
and division, /if calculators are allowed in schools, children 
will no longer see any need for basic calculational skills. 
Even; banning calculators on certain days or only using them f or * 
checking would seem unfair and illogical to children. Calcu- 
lators must not be used for any teaching of mathematics." 

(3) "The cost of calculators prohibits their use .' Schools simply ^ 
cannot afford to provide. calculators for children. The cost 

of hand-held calculators is prohibitive and their attractive- 
ness makes them disappear all too frequently . " ' 

(4) "Calculators are particularly inappropriate for slow learners. 
What possible motivation would such children generate for 
learning an algorithm they know they can do on a calculator 
mufch more quickly and accurately? Calculatqrs would insure 
«that poorly motivated-' students would not learn the basic skills." 

(5) "The child's notion of the nature of mathematics would be changed 
by the use of calculators. There is a real danger that if 
calculators ate used, children will think that pushing buttons 

on a black box is mathematics." - 

(6) " The use of calculators would reduce- children's ability to 
detect errors . We are all familiar with the belief that-l if a 
calculation was done on a calculator >it must, be right. Not oply 
is such faith unjustified, but discovering errors of key- 
punching a calculator is almost impossible since there is no 
rfet;ord of what was done." r , 

(7) "Paper-and-pencil algorithms are still necessary, basic^skills . 
Calculators can neve^\be everywhere. Children must s-till be 
able to calculate on their dwn. The availability of calculators 
in schools would remove 'children' s need for practicing the 

' basic skills. Homework done at liome woula no longer ensur^e 

..facility with the b^asic slcllls, since the home is likely to' have 
a calculator. Schools must ban the use of calculators to ensure y 

facility with the bagic skills of arithmetic", / 

(8) " Batteries lose their charge^ and wear out . Dependency o^ batteries 
for computational arithmetic would be foolish." , / 

(9) " The use of hand-held calculators would discourage mathematical 
thinking . If children can do any mathematical calculation by / 
pressing a few buttons, problem solving will be done by guessing, 
not mathematical thinking. Try this, try that, .keep ^ioing j 
things with the numbers until the answer looks right. Non-/ 
thinking, guessing will become rampant if calculators are available 
in schoqls." ^ . / 

(10) "Parents are, unalterably opposed tQ> the use of calculators ^in the 
schools . The schools have falled\ miserably in the teaching of 
basic skills as it is. The introduction of calculatprs would, be, 
in ef rect , not teaching-matheTnaties at all Schools would^ b^^^ 
:exhibi ting extreme, political ineptness to introduce calculatoirs^ " 



It is probably. oSV^us that the validity of the arguments in some 
of tht statements above is questionable ~ depending, to some extent, 
on your own viewpoint! It should also be obvious that not all proponents 
or opponents of using calculators in schools take extreme positions such 
•as those identified. The following compromises have been suggested, ' for 
instance:/ ♦ 

. - (l/ Restrict the^~capafr±±li:y of the calculator through masking or 
/ making electronic modifications to control the pperations 
available so that paper-and-pencil algorithms are st^ll 
necessary and/or so that mathematical capabilities beyond the 
\ ' current curriculum are unavailable to the student. 

• (2) Re'strict the use of calculators' to checking answers -only ,\or 
" ' i res^trict the use to certain days of the weak so that" basic 
facts and paper-and-pencil algorithms are still necessary. 

03) Restrict the use of calculators to the upper grades (10-12) , 
• where presumably students have already learned the basic facts 
^ \ and the paper-and-pencil algorithms. ... 

^ ■ r - /> ■ ' ' ■ * ■ . 

^Soirie react to, such compromises as an unworkable effort to "have 

- ■ \ . • . • ■ 

your cake.and eat it too", while others view them as examples of 

democratic compromise'' to achievje the best solution. The compromises do 

\ . ^ - ■ ■ - . \ . • . ■ . 

serve to focus attention on what appear to be the' fundamental arguments 

■ ' r ' ■ > ' 

regarding the hand-held calculator. The prcfpo^nents' argument is essen- 

tially: \> 

"The T^and-held calculator Is the-^ool used in society today 
foF^ calculations. Schools are 'burying their heads in ^^sand' 
if calculators are not recognized and used as the calcula- 
V . , tional^to.ol that they are;^' 

Thi -opponents' .'argumenj is essentially: , ' ; - ; 

. "The pririeipal^objectives of mathematics instruction (at 

least, in^rades k-9) are that children learn the basic facts 
and^ thk^ppet-and-pencll algfoHthms. Such learning will not; 
occur if calculators are made Available in schools.' 

It would seem that a rational approach to the resolution of the problem 



(perhaps over-simplified) would involve: 

(1) Determining current and future societal need 
_^ facts and the paper-and-pencil algorithms . ' 

(a) If there are no needs for such, skills, drop the empha4is 
on them and introduce the widespread use of calculat-ors. 

>^ (t) If thefe are needs for such skills, move" to question 21 

' • (2) Can the calculator be used in the classroom and still build 
^ -. students' needed skills (as identified in lb)? , ■ . • 

Such a procedure would seem to satisfy the concerns of opponents of 

the use of calculators. The proponents of the use of calculators would . 

(probably) claim that such an over-simplification of the benefits of the 

use of calculators is ignoring a potentially powerful, educational^ device . 

' . ■ • ' . ' ' " ' " . • - 

Potential Impiications of the Widesp read Use of Calculators . 

Suppose we adopt the position that there will be widespread use of 
the calculator in schools. What are. some of the benefit8*and disadvantages 
OS such widespread use? 

(IV Curriculiim concerns 

As i'ollak. (1976) has aptly described in his position paper (see 
Appendix D),, there are two partial orderings which ^je often 
'used in the designing of a mathematics curriculum . For examprle,^ 
the mathematical development of the number systems suggests 
that children ought to wor^ with addition of whole numbers before 
]. they stu4y addition of decimals. The algorithms for addition 

of decimals require facility with the addition of whole numbers.' 
■.; Hence^the-^deti-AjihalLjmmbera^ Chfen decimals, rather than 



decimals followed by/whole numbers. Such pattial orderings, may 

/ - ■ . ' / 

be called content /Orderings , 

A second partiaVordering which must be. considered in curriculum 
development i/a social value ordering. Topics in a mathematics 
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- curriculum are included and ordered by the topic's worth to 
society. For example, the quadratic formula is included in the 
curriculum before compound interest because ?ociety views the 
quadratic formula^ afe more essential for the needs of society^ 
than compound interest. Mathematically, either topic could be 
■ introduced before the/other. Socially, the quadratic formula 
• has- priority over compound interest.- Such partial orderings may 
. be called societal orderings . 

If -the: introduction -of a new device such as the hand-held cal- 
-culator makes a significant ■ change in either the content ordering • 
or the societal ordering, then major curriculum modification 
would seem appropriate. -'Suc^h changes in t-4ie partial orderings 
are possible with the calculator. For example^ the algorithm 
for addition. of decimals is the same as the algorithm for addition, 
of whole numbers': the same buttons are pushed 'for • either Thus, 
it may no longer be necessary or desirable t^o. delay decimals 
until fifth grade. 

: A careful', extensive study of. the impact of the calculator on 

■ » ■ • ■ w 

■ the curriculum is needed:" there appear to be significant changes 

which Gould (or ought to) be made. In their position paper, 
- Usiskin and Bel^ (1976) (see Appendix P) present some initial 

suggestions on 'this task. 
(2) Computational skills . _ /' . ' 

• The principle purpose of a calculator is to make calculations 

easy. Consequently.'' all the basic operations of. arithmetic, square 
roots, trigonometric functions, logarithms, etc., can be computed 
b^ very young children. Decisions regarding curriculum need no . 
. longer be made based on whether or not children ^can perform the 

- 25 ■. K : ■ 
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calculations , but rather on whether the^ understand the, concepts . 

■ Involved. It is-probably true that the concept of square root ' 
is easier to understand than the former computational- algorithms 
for finding square roots. It may or may' not be desirable to- 
introduce square roots much earlier in the curriculum. The point 
is that the decision need not be based on- the difficulty of 
teaching paper-and-pencil algorithms for finding -square roots. 
Compound calculations need ao longer be avoided. "How many ^ 

1, , seconds\ave I been Ifving?" may^be a very reasonable calculation 
- problem for a nine-year-old (60 x 60 x 24 x'365;25 x 9). the 

cost per^ gram of various- candy bars is calcnlationaliy trivial^ 

and a reasonable -question to pose. There no ^J^ongex^need be a ^ 
."fear of non-integral numbers (2.7 x 5 x 17.6 is as easy as ^ 

3 X 5 xl6) . ' Problems do not need to be artificially simp-llfied. 

The numbers can be realistic. 

At the- minimum, ?one- would expect some da-emphasis of the pap.er-- - 
• ' and-pencil algorithm's. Most calculations, in reality, will not 
be carried out by paper-and-pencil.; It is likely that schools 
will begin teaching paper-and-pencil algorithms as another way 
to do calculations,- but not the principaVway . ^ 

(3) Teacher education ' ^ "': ■ ' --ir. ''■ 

It is easy for the teachet educator to advocate widespread usev-;' . 
of calculators. It is another matter for the dlassroom teacher ^ 

' ■ actually to implement their use'. Ihe first difficulty encountered 
is parental opposition to calculators . •"'The second difficulty 

■ is that the current curriculum is not designed for calculatora.. 
Exercises and probS4: which ttl* the^laiculational power now 
available must currently be developed the" teacher. (-Some . 
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of the articles and books cited iu-Appendix A contain helpful^ 
suggestions; the .position^paper Immerzeel, pckenga, . and T:arr 
(1976) in Appendix C provides a variety of spetiif inactivities; 
textbook publisher^ plan to hav^ some materials available by . 

1977.) • . .. 

^JThe^third difficulty is that most teachers lack the mathematical 
'background necessary to deal with the questions and mathematics 
..which can be generated by the use of calculators. For example, 
- V4;liere is a mathematically honest explanation for the sine function 
:'::which can be given to first graders Most first-grade teachers 
would be unable to provide such an explanation. Many junior ^ 
high school teachers would be unable to 'provide such an explanation. 
■ And many hig^ school teachers would have difficulty with the 
- hyperbolic sine function, ' . 

The fourth difficulty is^ that techniques for teaching mathematics 
with calculators have not been .illustrated, • The effect of calcu- 
' latoirs on children's numiSer sense and other mathematical factors 
^' ±s not known; either through research or tradition,- Each 

/teacher must break new gipund in the interaction of calculators 
* and children learning mathematics,-, 
(4) Budgets 

Consider a typical- elementary school with two classes at each 
grade level. In order to provide approximately one basic four- 
function calculator for each two students, such a ^school would 
need to spend $1800 ($10 per calculator for 180 calculators, ot 
15 per class). Consider such a cost in perspective: $1800 is the 

''''' u ^ 

cost of 30 filmstrips or 120 minutes of. 16 mm film, Giyep the 
impact on students, such a cost could" be defended easily. Of 



' course, if one ajcquires scientific calculators , 'the cost would 

be $9000, or the equivalent of 15Q, films trips or 600 minytes of 
16. mm film. It would appear that theVwidespread purchas.e of ^ 
calculators may not be a major financial burden for a school , which 
routinely 'purchases materials such as filmstrips or films. 
- Thfe data on purchases of calculators suggest that many children 

% V7ill soon have access to a calculator regairdless of the school 

- -action. The/school's responsibility will ^probably be to have 
machines available forythose children who do not have access to^ a 
calculator. The cost of such a requirement could ^soon be rela- 

- tiyely low. 

Summary ■ \ 

The impact of widegpread use of hand-held calculators is likely to be; 

^ (1) A de-emphasis on paper-and-pencil algorithms • . 

(2) More significant and interesting mathematics in the curriculum/^ 

(3) Consumers and decision-makers much, better prepared to deal with 

the voluminous amount of data in communications today. • 

^ • ■ , . ■ % ^ .. . ■ 

■ y 

o - . 

Shumway's point of view expressed above is echoed to some extent in 
the position papers in Appendices C" through F. Each of the writers of 
Chose papers expresses additional concerns and thoughtful comments; atten- 
tion is directed particularly to' the papers by Eollak and by Usiskin and 
Bell.. . , ■ 
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IV. Wavs in W tillch Calculators Are Now Used in Schgols 

— — : - ' • ^"---^ 

Calculators are being used in various ways in classrooms scattered 
throughout the co^Jntry. Last year, such activities were generally more 
extensive at the secondary-school level; this year, elementary-school 
■^•<Vteachers are increasingly introducing them for specified purposes. They 
are recognizirt^ ' thkt^^^^^^^ children's lives. In 

~ many instances (perhaps too iijany) , use of the calculator is restricted 
to checking the result of pap.er-and-pencil computation. As teachers 

explore pbtential uses, and ^s more specific s\iggestions appear in print^^ 

. ' . ' . . ' ■ . • 

additional use is made of the calculator - 

Two fears must be .expressed: 
' * (1) That calculators will not be used appropriately; so' that few 
' positive benefits of their use are ap'parent . 
(2) That' teachers will indiscriminately buy materials for use with'" 

calculators (as in some cases they have done with metric m^teriM^) 
As Iimnerzeei; Ockenga, and Tarr (1976) point out, to avoid "future shock" 
immaginative software must be developed. They also make recommendations 
regarding use :of calculators (p..- 5) : 

'.(1) Primary l§vel: incidental us^, especially in an interest corner. 
(2) Intermediate level:, availability in the school of class sets 
for occasional use 

.'' ' , (3) Junior high level: availability of class sets- for each teacher 
., C4> Senior high level: a calculator for every, student, available 

' ■ anytime. . • ' ' ; ■ 

■ They go on to provide a variety of specific illustrations for using" the 
calculator at. each of these levels, usually within the existing curriculum. 
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In general, certali 

/^>;*^:'^;""-«^l purchase, i «.U ,«i*,r'.* cUcUU^r..' . 

_ *lch are glvan to taache.. for exploratory actlvltl;^^. Ihle 

is followedby discussion and decision on whether tt'dlstrlct 
or school shonld purchase more (e.g., eolumbus. Ohio). 
^ (2) Reniedlal ,„the.atic, or Title i classes receive calculators 
■ .for use with low .chlever^ „ho have not previously learned ; 
computational skllls"jweiT^"o it u^ ^^ — \ 

New York; Berkeley, Calif ornla) . . -v. 

^^^(3)^^ ^^^^^^^^^^ ^^^^^^^^^^ 

m^ecomlary school3_(e.g;. tubl^ck, Texas).; ; > ; 

. <^^:^'^Pl°"tory^ork^..^.f^^^^ calculator^ seem.o.t • ' 

, mathematics .educators as I^uerz^^s^er, ^Odi^^ Scandura. 

Weaver). ■ ' ■ ' ' ;-- -'\' ' 

. ,(5) Pilot itudles and/or res/arch is being cond^StteJ^TlKr^ 
. Of use o| calculators ■ . . wig, low, achlevey:«-TKj-si„;dary 

level in Chicago: ^"_--^^M.r^7ii^^ c.,e^,^. 

and 

Santa -Barbara) . — - — '"^i:*^'^''''"''"*^ ^^'^ 
-^P^^^M^^^ii^^.^^ acttviti^riur^y* Of the attitudes of 
.•eeacher-s-«ar/calcu,lators, and/or u.es helng .ade of caiculaisraav^^^^" 
been conducted (e.g. . Pbllade.lphlarshawnee,H^,M«rrr&;fi^^ 
forma), th,se^o.eti,es lead » Jh^lop^,^^,..,„i 
The 1975 AnnJ.^adetshlp Conference at ,the :„nl^ity-« Michigan - 

did several srSups at"a Septa*« 
1"5 meeting .n ,econd.r^5cho,al-»«,e™tlcr7fte„ded by „„„ " 

.hroughoCWo. workshops presented a, teal,:..glo„al. and national! 
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"■'f ' J ■ /i„5 and plans are .u„de™^y f" «""^"« 
^fUacic. »ee/lng. In 197,5. ,- _ ^ 

' featured 



/ 



r • ■ ■ . Hnn«^ • •• The National Courvcil of Teachers of 

«.Ke^.W de.lo.ln. . " ' 

/ Tot-rtr manufacturer). in i-uui^ 
from a calculator manur ;,Mvities for use with ; 

/ .nilation of teacher^suggested activities t , 

develop/ng a compilation _ A^ithmeUx^Te^ 

ealcu/ftors. Several journals (e.g. . iB.^ ^ . 

■ u ic,76 issues focused on 'the calculator. 

;7ri:r:;i.™da..ie.and..,.^^^^^^ ■ 

,4,.... a.. n.. 11 in. one.. ^^^^^^^^ 

1 statements about calculators, e.g., 
(1) ..General statemeui-a 

y . * ^ . ■ ■ * ■' '•■ . 

,1 . .. idggins. 1974. . ^ / ;-~'v ■ 

- pro. and cons: e.g.. Etlinger/1^^^ 

e , .esson and Kurley . 1975; psumer / 
. :(3) costs .and- features: e.g.. Jess , 

■ u ' ■ ^ . , /' ■ / 

Re2orts_. ' > 

" ' . e Engel. 1974; Judd, 1975. ; . 

C4) varied uses: e.g.. ^ng . ^^^^^ ^^^^^ 

Xhe annotations in Appendi, ^ ^ayp^^^^^^ y „ 

of' specific interest. V > exception to Wely 

Rell (1976) (see Appendix F) take ex p. 

Usiskin and Bell/X^' / por reasons 

into the- existing Q^rriculuTn. For r 
incorporatins.:^lculator usesjto of calculators 

, "It is thus/our belief that inserti , 

...ich they .tate, It ^ ^ ^^^^^ ^^^^ ^^^^^^^ 

into K-6 classrooms using most existi ^ 

for -an alternative cur.Hculum. and prov^ 

,p. ,6). They:argue for an .ote/ha. 'this 

- Of ho. the ^^^^ .^opti^. 7'^^ 

rhnse who view the preseui- , 
be threatening to those wn . ... -^Q.^g) could. /.-, ; 

M.l. their specific suggestions (pp., 40 
logical and sequential. way of Considering 

however.^ suggest to many elementary teachers . . . ^ ,^ 
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^ y • V. Empirical Evldjence . . f> 



I 



/■ At the time that sChe Intetim Report on this project was p^epar-ed 

I ■ ' V'"'"' ' /• 

in Augiist 1975, attention was aalled to three po^ints: j 

(1) At this time, there is comparative" litt;le eviden<^e on th^ - 
effect of the use of hand-held calculatoKs in schools. -Studies 
have been exploratory in nature, often with the support of a 

-• ■ y <r '■ ■ - ■ ' ■ 

calculator manufaptuter . ,i 

(2) That the caLctilator can be used to teafh certaint..to^s seems 
,.,clear: that significant achievement gains will result is not 

' clear. As might be expected, attitudes are reported to be 
generally positive . • ^ ' 

(3) Not, all of the research^has focused on significant questions 
.(some has remained unpublished for this reason) . There, i^ a 

definite need; to establish priorities and attack the, questlbng 
^ that Wn and sh5uld be answered by research. 

As this Final Report is prepared, in February 1976, the same three points 
can be reiterated. The" research picture has nof essentially changed. 
As Weaver (1976) has pointed out in his paper on needed ■"research 

(see Appendix E) : 

The very newness- of calculators provides little of 
a Research base upon which to build. . . . The extent of 
ongoing research is very difficult to assess; this also is 
true of the nature of. that research. We are given hints 
■ . from the brief progress reports released by, some projects 

but by and large -fwe have precious little information— 
and none of it def inttive—regarding the extent and nature 
of ongoing research. (p. 18) - ■ 

He goes on to. .express the 'thought that "When the annotated liating [of 

.research on mathematics education] for calendar year. 1975 la compiled, 

more calculator investigations are bound to appear; but there still will 

be no plethora of such investigations reported',' (p. 18). Very true: 



thete has been no plethora; researclj^ evidence remains^ scarce (perhaps / 

■ ■ ^ •• ' v/ ■ /• • 

the 19/^6 listing will contain mo^ep. / 

/There is so little research ^pn the us^ of hand-held calculators, In I. 

■ ^ . / •, - ■ • ■. 
fac^\ that there is some questicyla if it' is worthwhile to review- it. Host 



"action research"., "preliniinary study" ^ ''inquiry", "exploration" are the 



of the studies barely meet criteria for being termed "research ~ ' i 



worlds which investi'^ators use in the published reports. There are rumors 
of many studies golfig- on:^most of them turn out to be explorations to 
find out what can be done with calculators^^ Some of the /"hardest" data 
come from studies ; conducted by calculator manufacturers; not surprisingly, 
these indicate that students (a) can use the calculator with a variety 
of content and (b) achieve well when using ,the calculator. Many schools 
are checking data' on 'their own students to find out the effect .of the 
use of calculators with their students: this is a highly appropriate 
activity ~ providing it continues as new suggestions and materials for 
using the calculator appear. Schools must be wary of selecting options 
too quickly —of deciding that this way of using calculators is effective 

and that way isn't ~ before the range of options (that is, a diversity 

■ * '' ■--») 

A % . ■' > ■ ■ 

of material designed for calculator use) has been- developed. , 

Over the years, several dozen studies have been conducted with 
desk calculators. There has been some thought that this research might 
providg^^ome 'useful Information which wbuld be applicable tq hand-held 
calculators. Alas, the studies are not all designed a6 well as they 
should have been. On Table 1,. 21 of the studi.es with desk calculators 
are summarized; ricrfe should be made of the small sizes of samples., the 
short lengths of time, the limited purpose of many of the studies, the 
evident confounding of variables. ^ . 
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- There appear 'to be very few potentially traasferable findings 
from the studies with desk calculators: , ^ . 

(1) Children can learn to use calculators. 

(2) Children generally:.jenjoy using ''ffilculators. 

. . vi' ' . > . ' 

(3) Low achijevers may profit from using calculators, but calcu- 
lator, use should not be res tric^ted^o low adhiev'ers . . ' .* 

(4) Calculators can be used for checking paper-and-pencil compu-. 

. tation. , ' . 

(5-) Calculators^ may or tnay not facilitate particiilar . types of 

'."0 . • ' .. o 

achievement/ 

On Table ?l 8 studies on hand-held calculators are sjjmmarized. A 
few additional comments about each might aid in making readers further 
aware of t-he limitations of the research infqrmatioii on hand-hfeld. calcu- 
lators. 

^ ■.- . „ ■ , . / ■ 

Coimaents on Research Reports on Hand-held Calculators , 

The major goal of the study reported^ by " Hawthorne and Sullivan 
(1975) was to "discover how (and if) the calculators could enrich, 
supplement, support, and motivate the regular, program. There was no . 
intent to change the program to fit the calculator'' (p. 29). Barrett 
and Keefe (1974) expanded on some of the ways^the :S,tudents used the cal- 
culator: to check answers and in working with verbal problems, means, 
probability, palindromes, functions, and multiplication with decimals. 

A comparison with a matched group indicated that the mean scores of 
Students using calculatfors were higher (p < .02) on the concepts and 
computation sections of the test than were the corresponding scores for 
students not using calculators, but tlfie two groups performed about equally 
well on the problem-solving sectiofi of the test. Two comments of interest 
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are made by Hawthorn 'and Sullivan: ;i - 

Project evalua tors do not believe that calculators have any 
great inherent ability \p' support and motivate matheinatical 
study, though these instruments' definitely have some powerful 
- Vcomputat^xpnal capability. ..(p. 31) [Qh?] 

Perhaps another study can shed some light on what effect 
calculators have on learning mathematics if used by children 
without any particular direction by teachers. (p. 31) [Why?] 

One wishes that there' were some discussioh^of each of these points in the 
article. 

Bitter and Nelson (1975) developed a "diagnostic remediation mathe- 
matics curriculum utilizing the hand-held calculator". A group ysing 
this curriculum was compared with a group using a commercial han'd-held . 
calculator mathematics remediation program and. with two groups using 
the "normal" curriculum, one with calculators available and one wfthout 
calculators. While no data^were reported ' in the article, the authors 
^ote that " « . . al\ thr4e calculator approaches provided jf or signifi- 
cant statistical gains in bpth the cognitive and attiCudinal domain as 
opposed to the control group." ■ 

Analysis of data from Project Equip, a mini-calculator program fpr 
teaching mathematics sponsored by Berkeley schools, was reported by 
Kelley-and Lansing (1975): Two seventh-grade and two eighth-grade mathe- 
matics classes for low achievers were involved. Neither experimental 
nor control classes showed statistically significant -g^ins on the CTBS 

(the experimental group mean wa-s' 4 . 87" on , t>e October pretest, 4.98 on 
the May posttest; the control group's res^tsective scores- were 5^29 and 
5.30). On the CTBS computation subtest, the calculator", group did signi- 

ficaritly better, however (4.9 for the control group, 6.5 for the experl- 
- mental group)- And on the NLSMA Reasoning Test, the gain of the control 

group was significant at the *0a level ,(0.9 points) j the calculator 

group. gained 1.9 points, which was significant'at the .001 level. 



had 
which 



Ressner (1975) pres-entkd information on a primary mathematics project 
designed "to research, develbp, and field test .aptiv^feies in which kinder- 
gatcen and .first-grade children can use hand-h,eld electronic calculators 
to'promote. their inathematics learning". Sittfp4ified calculators are 
"Uupl^d with .gamelike modules" to teach the ''^complex aspects of counting 
and. theVperations of addition and subtraction". In the project inf orma- . 
tion qitecL no data are ' reported . ^ , 

S^l^a fek^. Bell', .and Crown 0^975) report on a ^limited "inquiry" in : 
which one gr^p- of'-f if th-grade pupils was given a pretest, and thin 
given calculators f or" two (2) days, . with problems to work and encourage- 
ment to ask questions about the calculato^^. A week later a po.sttest was 
given. Overall there were no significant differences. \^Those whc 
calculators, however,, scored signi'f icantly Mgher on examples on 
the calculator could be used, while there were no significant differences 
on non-calcul,at6r examples (although the score of the calculator group 
was lower than that of the non-calculator group). One wonders whether 
the same statistic^ result could be replicated: the conditions were 
obviously loose. The comments in Appendix A of the Usiskin and Bell 
position paper (1976) report^urther expldrations with about 20. teachers, 
The work does not appear to be systematic, -however:, it is purely explora- 
tfon ta,.vfind out .ho^--pupll8 (and Ceachera). react. fej- 
- ) ' Weaver -6-976) , on' the dther hand, haf since 1973 been system^f^ically 
exploring the use , of var'ious '^^Iculators at several grade levels, in 
ways- which connect with his (and his students') previous research ofi ' 
mathematical senten^ieJ^^nd properties of operations, Although he reports 
some empirical data, ".the principal intent gf the project to date has 
not. been hypothesis fonluiation and testing, "-but informal exploration as 
necessary stage| .to precede eontrolled experimentation. This "exploratory 



work was independent , of ongoing mathematics programs . ./.'*, although , 
this year "teachers" ara opt itig to have pupils use the calculator from 
time to time in connection with the ongoing mathematics programs". Among 
the emphases of the acploratory work have been chaining, doing and undoing, 
and related number sentences. 

Spencer (1975) investigated the ef fect,, of using calculators on 
computation skill, reasoning ability, and total arithmetic achievement, 
as^measured by the Iowa Test of Basic Skills. Forty pupils in grade 5 
and 44 pupils in grade 6 were randomly assigned either to a group using 
calculators or to a group using paper and pencil without calculators. 
For eight weeks, both groups worked with computation, worksheets . prepared 
by the experimenter; unfortunately, the abstract of the study does not 
indicate the' nature of these worksheets. At the fifth-grade level, 
the only significant difference -found was on the ^reasoning test, favoring 
the calculator- group. In grade 6, significant differences favored the 
calculator group on the computation test knd on the total test; a ten- 
dency for the'* calculator group to have higher scores, on^ the reasoning 
test wars also noted. ^ 

The locations at which this research and development work is being 
^^nducted are^diite^^eT'Arizona, California, Illinois , Iowa, New YorK» 
- Wisconsin. In other states, other projects are going on, with no pub- 
lished results as yet. For instance, Rudnick .( Eye on Education , 1975) 
is currently directing a project in Pennsylvania with seventh graders 
to investigate the effects of the availability and use of the calculator 
on achievement and attitudes. Capoferi and Winowski (1975) present a 
design for a^'study to be conducted in Michigan schools. One hopes that 
darefully designed research will be planned at many other locations. 



Needed Research 



^ In his position paper in Appendix E, Weaver discusses some of the 
research questions which should have some priority. He called'^ attention 
to the point; that " - . ^ 

• ' the greatest thing we have to fear today about the calculator 
vis-a-vis school mathematics, curricula' is the degree of fear 
that already exists about the calculator vis-a-vis school 
mathematics curricula^ (p. 2) . ' \ 

To man^^per sons' the calculator threatens to violate! certain 
tenets *^egar ding scbool. mathematics leatning and instruction — 
tenets that, are adhered to more tenaciously than I might 
"have expected/ Suggestions for calculator i^ses are made 
\ within the constraints of those tenets.. . . and any research 

tha4: might be implicit in such suggestions would- be similarly 
constrained. 

Some other persons, however, appear .to be willing— possibly 
even anxious — to suggest calculator uses that may challenge 
certain of our cherished tenets. (p. 5) . ^ 

Weaver distinguishes between three types of curricula ~ calculator- 
assisted, calculator -modulated, and calculator -based --.and points out 

■j 

that "research should not be unmindful of such differential roles". ' 
After citing the research questions included in the NACOME Report (1975) , 
he discusses six others for which; answers should be sought. Each in 
turn can lead to a series of investigations.- 



Summary ' ^ . 

. Evidence on the effectiveness of calculator use is largely experi- 
ential.., A concise summary of t;he suggestions for research which^ should 
be conducted to determine the p^otentiai and problems of calculator use 
in schools includes, investigations'related to: 
- when and how to introduce calculators, 

--effective procedures for learning ba^sic facts, computational 
skills, , problem solving, and various mathematical ideas 



-effective calculator algorithms 
-■' ;;r- lotig-range effects of us^ing calcurator algorithms 
• ' — need for paper-and-pencil algorithms 

- effect of calculator use with specif ic content and curricula 

- effect of curricula sequence/emphasis changes 

' > relationship between work with calculators and computer^ 
. - changes in teacher education "curricula ' 

- optimal calculator designs / ^ ■ , . 

One very specific caution must be emphasized: at tempts at -restruc- 
turing the curriculum, either extensively or minimally, must not proceed 
independently of research. The two are integrally interwoven, and one 
cannot be effective without the other. . - ' 
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VI. So^e Recommendations 



A variety of recommend4tions has been incorporated ajEf many poiiqlts 
in this Rep or t.t Many other$ are specified or suggej^te^ in each of 
the position^ papers . These are generally stated at /the ~end of this 
sect ion r 

But'^first, some recommendations which hav^not been cited pre;iriou8ly 

■ ■ : ■ , ■ ■ ■-■I ■ •■ V . , , 

will be listed. These wer^ given by educates in response to a question 

' , / ■ / / ^ - \ ■ ) 

on several questionnaires^ in the survey conducted early -in this project. 

Thev range from the g^eral to those specific to the curriculum. \ 

Recommendations frpfa Educators Surveyed j 

1. Experiment and plan. ^ I - 

a. Learn to use calcul^ators yourself first, finding meaningful ways 
to use them. — - , , ; 

■ b. Use calculators with students only after considerable thought 
! as to how, when, and why. j 

c. Develop a school-wide policy and guideline^. I 

d. D.^velop ways to incorporate- calculators into the existing .currl^- 
, culum, and develop new curricuTum as necessary. 

e. Plan a reasonable inservice program, .evaluation, and research. 
Use in early grades with care, if at all. 

2. Survey available calculator models carefully and buy good equipment-, 
coTnmensurate with student needs, f Make sure that all students have 

^ access to a calculator. ^ 

3. Change teaching emphases to concept development, algorithmic proceases 
when to apply various operations, and problem solving using real-life 
and interdisciplinary applications. " * 



4. Do not ignore the development of computational skill. 

5. Think of calculators as a tool to extend mathematical understanding ^. 
' and learning by making traditional w6T,k easier. The focus can be on 

process because the product is assured. ^ 

6. Place more emphasis on problem-solving strategies . Use practical, 

realistic, significant problems, and more;, applications . 

7~ Spend less time on computational dr ill, ^ more time on concepts and the 

<■• ■ ■ , 

meaning of operations. Use more. laborfi(tory activities where compu- 

</ 

tation.is involved but the emphasis is on learning mathematical con- 
cepts. Decrease the use of tedious,' complicated algorithms ;/emphaBlze 
algorithmic learning, including student development of algorithms. 

8. -^De-emphasize fractions, and emphasize decimals, introducing them 
earlier. 

9. Emphasize estimation and approximation (including mental computation 
si^il'is), checking. and feedback, explotatidn and discovery. 

10. Do more and/or eaj^rlier work with such ideas as place value, the 
/decimal system, hUi^ber theory, number patterns, sequences, limits, 
- functions, iteration^ statistics, probability , flow charting, computer , 
literacy, large numbers negative numbers , scientific notation, data 
generation, and formula testing. 

Two points should be made in connection, with the above recommendations 
ir^"':/(X) There was not consensus on all of them, nor w^re they all cited 
^ with equal frequency. A selection process occurred, which may 
' reflect the beliefs of the author of this Report. 
(2) The overlap of the recommendations with statements in other 
published materia Ls is evident. - 
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; . ■ ''-41- / - Ml- 

Major Recdmrnendations ' . - 

1. .A thorough analysis of the mathematics and other appropriate curri- 
.cula of elementary and-^econdary schools should be conducted to 

determine: ' ' , - '"' 

a, how calculator use could be optimally integrated with existing 

curricula (see Section IV, Immerzeel et alj . 
"b. how curricula should be revised/redeveloped . to incorporate 
" optimal use of calculators (see Section III, PoUak, Usiskin 
and Bell) • 

2. A careful plan fdr systematic research should be developed (see 
Section V and Weaver). ^ 

3. Following the above steps, appropriate research related to, and 
development o^, curricula should be initiated. , - 

4. Experiences for"" teachers at hoth. iiiservice and preservice levels. 
should be provided, to aid them in using calculators, with students. 

5. Information about research and development efforts must be communi-.. 
cated (with speed«and accuracy) to parents and other non-educators, 
as Well as to educators. 

These recommendations are based on the assumption, derived from 
analysis of information secured during the project, that calculators 
are increasingly being accepted as an. instructional tool tby both teachers 
and parents). Therefore' an immediate need exists for sound and substantial 

■ J! 

research and development efforts. . 
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Advani , Kan . The Ef f ec-t of the Use of Desk Calculators on Achievement 
and Attitude of Children with Learning and Behaviour Problems . 
A Research Report . December 1972. ERIC: ED 077 160. 10 pages. ^ 

Eighteen students (ages 12 to 15) used four calculators for 
six months to check mathematics problems. Comparisons of pre- 
and posttest data indicated significant increases in student 
interest and positive attitudQi. toward mathematics, while 
disruptiye behaviors decreased. . 

Albrecht, Robert L. and others. The Role of Electronic Computers and 
Calculators in Mathematics Instruction. In Instructional 
Aids in Mathematics (edited by Emil J. B_e,rger). Thirty-fourth 
Yearbook of the National Council of Teachers of Mathematics. 
Washington: The Council, 1973. Pp. 181-187. 
•» . 

Various types of computing devices are described, and their 
usefulness in the classroom discussed. Sqarit attention is 
devoted to calculator:^ in general, and none to the hand-held 
calculator as a distinct instructional aid. The authoris state 
that electronic calculators are "far more powerful problem solving 
tools than conventional machines.'* , . 

Asmus, Paul. Calculators vs. Minis. Datainatlon 18: 55-58; April 1972. 

A summary of key features to compare when deciding on either a 
programmable calculator or a "minicomputer are listed. Considera- 
tion is given to the kinds of work to be done, flexibility needed,> 
experience of users, operating features, and price. 

Bahe, L. W. Finding Logarithms and Anttlogarithms with a Simple 
Calculator.. School Science and Mathematics 74: 221-224; 
March 1974. - 

The availability of simple, low-cost electronic calculators has 
. removed some of the drudgery from calculations needed in the 
chemistry laboratory. Since logarithmic calculation la important 
for many" experiments, a method of finding these values using a 
simple matrix and a four-function calculator is provided. 

Barnes, Bart. Hand Calculators Cause Math Teachers' Debate. 
Washington Post , pp. 1, 8; December 16, 1974. 

Pros and cons on the use of the calculator In the classroom are 
discussed. ^ 

Barrett, Ray and Keefe, Michael. Using Hand-Held Calculators in 

Sixth Grade Classes . Albany, New York: The State Education - 
Department, Bureau of Mathematics Education, 1974; 

Each student in the authors' sixth-grade classes was assigned a 
calculator for use throughout the year . Provisions for main- 
tenanceT security, and classroom organization were made. The 



52 



ERIC 



calculators permitted exploration of a vari^y-o-f-toplca; word 
problems, arithmetic means, prohability.^alindromes, functions, 
and decimal multiplication were^afticularly successful. The 
calculators motivated and strongly supported instruction on 
some topics. Student interest was sustained throughout the year; 
they accepted the calculator as a tool to help them become 
morfe independent and prof Icient in mathematics. 

Beakly. George C. and Leach. H. W. The Slide Rule, Electronic Hand 

Calculator, anc ^ m»..-. f (nation in P roblem Solving (Third edition). 
New York: Macmillan, 1975. - 

A comparison of reverse-Polish and algebraic logic given, in 
addition to descriptions of the three major types of hand-held 
calculators currently on' the market. ^ 

Beck, Lois L. A Report on the Use of Calculators. Arithmetic Teacher" 
7: 103; February I960.. 

■" Fourth-, fifth-, and sixth-grade classes usedf^Monroe Educator 
calculators; these calculators perform the basic operations in 
much the same way they are done with paper and pencil. Although 
complete results were unavailable at the time of writing, several 
observations were made. The calculators could be operated by 
the students; when used as a regular "classroom tool, they tended 
to motivate and reinforce understanding and achievement in-basic 
skills. .Children seemed to enjoy using the calculators, and to 

, exhibit better work habits. Place-value concepts were reintorced. 

Berg. Gary. Tteaching Flow-charting Through Electronic Calculators. 
Business kuc at ion Forum 24: 30; January 1970. 

Flow-chartipg symbols and a flow-chart describing a use of the 
calculator are .presented, in relation to the use of calculators 
in businesses. 

Berger, I. Calculators Get Smaller; Smarter, and Cheaper. Popular 
Mechanics 142: .70-75; December 1974. 

Features to look for and what models have those features are' 
included in this guide to buying a hand-held calculator. 

Bereer" I. Electronic Calculators: How to Choose the Right One. 
Po pular Mechanics 139: 86-90. 192; February 1973. . 

What features to look for when purcliasing an electronic calculator. 

how much to spend, and cone idera;: ion of one's particular needs 

are discussed. -Both desk md hand-held calculators are considered. 

Berkowitz, S. A Rational Number Calculator. Datamation 165 106; 

■1973. . - ■ i " ' ' 

. - A description is given of how 'a calculator might be built to aave 
and display a quotient of two rational numbers regardless of length. 
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Betts, Eramett A. A Preliminary Investigation of the Value of a 

c'alcula.ting Machine for Arithmetic Instruction. Education 58: 
'229-235; December 1937.:. 

TheSfffect of practice with a calculating machine on the pupil's 
- profelem^solving techniques and computational skills was studied. 
Thirteen pupils in the second half of sixth grade completed 
the year's work in the six-week treatment period. Gain scores , 
from four tests were compared, with improvement found in e§ch 
case. Pupils were able to analyze more problems in the time n , 
available than they usually did. '''^ 

Birtwistle, Claude. . Some Furthe^oimnents on Electronic Calculators . 

Mathematics Teaching ; 66: 27-313; Marc^r 1974. ^ 

The author comments that pocket calculators are too easily lost, 
and their keys and displays are too small; small portable desk 
calculators are recommended. instead. . Several mbdels are available 
for^ performing the four basic operations; the order in, which 
keys are punched t^ perfortn calculations varies with the different 
machines, and the unnaturalness of some orders can cause problems - 
for some children. For la^^ achievers, electronic calculators 
are probably not as effective as the old type. For average and 
above-average students, however, the calculator present? advan- 
tages, in. speed and accuracy. By taking the tedium out of complex 
computations. It can encourage thought about the answer. Calcu- 
lator use allows complex topics to ^be introduced at lower levels 
in the 'Cui^culum. ^. 

Bitter, Gary G. and Nelson, Dennis. Arizona Migrant Education Hand-Held 
Calculator Project. Migrant Educator 1: 1-3; 1975, >^ 

Evidence is presented that^ hand-held calculators can be used 
successfully in remedial mathematics programs. 

Bolder, Jacqueline. Calculator Use. Doesn't. Add Up, Maryland NAACP Says,- 
' Washington St^r. , October 26, 1975. . 

The Maryland state chapter pf the , NAACP urged the restriction Q,f the 
use of hand calculators and computers in most state classrooms, ,--1 

Bormann, Thomas M. Electronic Calculating: Processing of Thoughts. 
Journal of Business Education 48: 302-303; April 1973. . 

Some characteristics of^ electronic calculators which make theta 
desirable tools for office work^s are speed and accuracy/ greater 
capability and decreasing price, quietness and dependability^ 
portability, and relative ease with which their use is learned.. 
The basic objectives of calculator instruction in the business 
I curriculum are rapid and accurate operation, and integration* of 
I a working knowledge of the calculator into the problein-solving 
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process. Several matheinatical and business concepts must be 
understood in or^er ':o achieve these objectives. Guidelines for 
preparing electronic calculator instruction calls for emphasis 
on both intellectual and motor skills, and simulation of. actual 

business applications. ' . 

»■ ■' • , ' 

Br-aun, Alexander E. Eulogy for a Slide kule. Science Digest 79: 65r67; 
February 1976. - ■ 

The '^passing** of slide rules is humorously decried. 

■ > •■ 

Broussard, Vernon; Fields, Albert; and Reusswig, James. A Comprehensive 
Mathematics Program. AV tnstructlon 14: ,43-44, -46; February 1969. 

A program for low achievers In grades 7-9 from disadvantaged ' 
areas which 'emphasize d re al-world applications and use of flow"^ ' 
charts, calculators, and other materials, resulted in significant 
achievement gain. Sixty per cent of the students who" had 
participated in the program continued to tstke mathematics courses , 
compared with 40 per cent in a control group. 

Buchmain, Aaron L. The Use of Calculators and Computers in Mathematics 
Instruction in New York State High Schools. School Science and 
Mathematics 69: ^ 385-392; May 1969. - 

' Only 13 per cent 'of the schools reported (in 1967-69^) having 
calculators iii the mathematics department, with 2' per cent of 
these .having computer features.. Five per cent of the schools 
had computer facilities which Were used by mathematics classes. 

Buchwalter, L. Now It's Pocket Calculators. Mechanics Illustrated 
69: 108-109; February 1973. 

The role of calculators is explored, with comments on their 
potential uses. ' ♦ 

Buqkwalter, L. 100 Ways to Use Your Pocket Calculator . Greenwich, Connec 
ticut: Fawcett Publications, 1975. 

Suggestions for particular ways to use the calculatpr. 

Budlong, Thomas S. What to Look for in a Microcalculator • Machine 
Design 44: 155-161; November 14, 1972, 

A checklist of features to consider when choosing a hand-held 
scientific calculator are listed. A description of their 
features is given, including a summary of the .characteristics . 
of 17 representative €rtigineer,ing calculators* • 



Cantor, Charles B. Now J'thd't the Electronic Calculator Fits in Yoiir 
Pocket, How Will It Fit in Your Mdth Class? Business- Education 
World 55: 29;-155oveinber/DeceTnber 1974. . ' : 

■•■ \ ' "i ' • . ' . ' _ * • ■ 

' Future uses' 6f the calculator in business classrooms^ are 

discussed, with comments on such topics as programming, artificial 
* intelligence, and electronic classrooms. 

Capoferi^' Alfred and Winowski, Eugene. Macbmh Intermediate School . . 
District, Van Dyke Schools Cooperative Project ^ Exploration 
- of Classroom U^e of the Hand Calculator in Grades 4-6. Mt. 
/' Clemens i Michigan: Macomb Intermediate School District, 1975. 

: The project Is briefly described, and many examples of mathe-. 
raatics topics appropriate for the calculator are provided. 

• ' 
Cech, Joseph Philip. The Effect the Use of Desk Calculators Has on 
Attitude and Achievement in Ninth-:Grade General Mathematics 
Classes. (Indiana University, 1970.) Dissertation Abstracts 
International 31A: .2784; December 1970. (See also ERIC: -. ED 0^1 757.) 

Cech, Joseph P. The Effect of the Use of Desk Calculators on Attitude 
•and Achievement with Low-Achieving Ninth Graders. Mathematics 
Tekcher '65: 183-186; February 1972. 

X^e two main reasons for using calculators with low achievers in 
mathematics classes are motivation and achievement . This study of 
calculator effectiveness involved two teachers each teaching a- 
calculator section and a regular section of general mathematics 
for seven weeks. Stkidents in the experimental* group were 
encouraged, but not forced, to check answers with the calculators. 
All classes were given pre-r and posttests of attitude and achieve- 
merit. Results did not support the hypothesis that students using 
calculators would' show positive gains in attitude toward i|iathematics, 
or increased paper-and-pencil computational skill. Students could 
compute better with the calculator than without it, however.' 

Clarke, John. Educational Technology. Mathematics in School 1: / 
30-31; November 1971. ^ * / 

■ " - . ' ■ ■ ■ . ' . ■ ■ / 

Principles on which the use of educational technology is based j 

aret^dis cussed. ^ \, / 

Comarow, Avery. Practical New Uses for Pocket-Money Calculators. 
Money 13: 88-91; October 1974/ ' . 

'Different models of pocket calculators are compared,* and some 
wars to use the calculator to solve business-oriented problems 
such as compound interest and taxes are presented. 
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Comarow, Avery. " Maximizing Your Minicalculator . Money 14: 52-53; 
January 1975. - • ^ 

'jThe'^tiptai number of pocket ealcuAators sold in the U. S. in 
-1974 probably exceeded 13 million. To be reasonably flexible 
for household uses, calculators should have sepatate keys for 
+i X, >, ^d =«, a floating decimal point, ^nd a display of 
at least eight "aigJLts. Methods for basic calculations, computation 
of interest, and anticipating monthly payments- are presented 
in step-by-step formats. 

D'Aulaire, Emily and D'Aulaire, Ola. Put a Computer in Your Pocket. Reader's 
Digest 107: -115-118; SeptSember 1975. ■ 

Reasons for buying a calculator are included in this article. 

\^ 

Denman, Theresa. Calculators In Class. Instructor 83: 56-57; 
F^ruary 1974. . 

The author conments on the fact that calculators are fast • , 
becoming accepted as necessary household appliances. When the 
children in school today are adults, they will look on -calcula- 
tors as being as necessary to everydky life as telephones . 

■ Dohleman; L.. What to Look For in an Electronic, Calculator . B usiness 
. Education Forum 27: 32-33; March 1973. ■• . 

Features to consider when buying calculators for business or 
business education purposes include output type, decimal control, 
. automatic rounding, portability, and programmability. A buyer 
of calculators for edvicational usje should know the terminology 
pertaining to the machi^as well as his educational objectives. , 
He should test the ma chineN*4^th the. types of problems he will 
be using in class. , . 

Douglas, John H. ^Computers 1: From Number.^unchers to Pocket Genies^-/ 
Science News 108; 154-15X; September 6, 1975. (Parts 2 and 3., 
appear in the September 13^>nd' October 4 Issues.) ' . 

. Computer developments are dismissed,, with some "mention, of hand-h 

calculators. ,• 

Durrance, Victor " Rodney . The Effect o^ the Rotary Calculator on 

. Arithmetic Achievement in Grades S\x, Seven, and Eight. (George- ^ . 
Peabody College for Teachers, 1964.V Dissertation Abstracts 25: 
6307; May 1965. ' \ , ' ■ 

From grades 6-8 in a single school, 35 Wrs of students were 
matched according to IQ and- grade placemW in arithmetic. One 
from each pair was then selected to /use the calculator. Analysis 
of data from the nine-week study indicated \hat in computation, 
. re^^S^oHgT and concepts, the calculator had ho effect except 
in the area of reasoning In grade 7. 

■ 57 
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Edelman, Ron and Olesonv* Clif . Creative Calculatorlng , Eugene, Oregon 
Action Math Associates, 1975. 



Activities with tl^,e calculator are presented. 

Ellis, June and Cor urn, Al. Functions of the Calculator in the Mathe- 
matics -Laboratory for Low Achievers , 1969. ERIC: ED 040 847. 
46 pages. ' > 

An experimental ,and B control class were administered pre- and . 
posttests to check the effects of calculator use on the achieve- 
ment, attitude, and academic motivation of lowv ^chievets. The / 
use of printing calculators did not produce i^^^statistically ^ ' 
significant change in mathematics achievement. More favorable 
attitudes and weaker academic motivation were- recorded for bbth 
groups at the end of the experiment. . T'.. " ^, . 

Engel, C. William, keet Minnie Calculator! In Fostering Creativity 

Through Mathematics (edited by Betty K. Llchtenberg and Andria P. 
Troutman). Tairapa: Florida Council of Teachers of Mathematics ,. 
.1974. Pp. 69r77. I;. 

Appropriate /opics and activities are suggested for using the 
calcuXiator at a variety of levels. ' 

Etlinget, Leon^^d. The Electronic Calculator: A New Trend in School 
Mathematics. Educational Technology ^ '14: - 43-45; December 1974. 

/ • ■ -■' . - i ^ . ' . ■ 

The exisytence of low-cost calculatoijsv Is not sufficient justi- 
fication for their use in mathematics; programs. Proponents 
of calculator use in schools generaily have one of twp contrasting 
views./ The functic^hal position advpcates the use of the calcu- 
lator /to perform computations, obviating the need to teach 
computation. The basic tenet of 'the. pedagogical position is that 
the calculator can facilitate (rartfter than replace) learning. 
' The Implications of this point of. -i^iew, and the potential 

pedagogical value of the calculator, are not yet known, and many 
specific questions need answers; /jS^camples of the pedagogical 
use of calculators ar'e' described;' 



\ 



Feder,; Chris Welles. Children and Calculators: Do They Add Up? 
Recall's 102: 34; May 1975. 

/ ■ . - ■ . ■ ■ ■ - • ' ' 

Some current uses of calculators ^in schools in East Greenbush, 

/ New York, Virginia, and Brooklyn ajre described. 

Fehr, Howard F. ; McMeen, George; and SobeJ, Max^ ' Using Hand-Gperated 
Computing Machines fn Learning Aritfiinetic. Arithmetic Teacher 
3:. 145'-150; October 1956. ^• ^ ' ' 

/ A controlled experiment on learning multiplication by using a 
two-digit multiplier was conducted for a; two-week period. No 



significant difference was found in /the performance of . students 
in experimental and control groups. However, the experimenters 
felt that longer use of the devices might have produced an 
effect, and therefore conducted a half-year experiment using /. 
the Monroe Educator model hand-operated calculator. Students 
using thljs machine made significant gains in both computation, 
and reasoning. Although their gains were greater than those of 
a control' gi^oup, these differences were not statistically signi-. 
figant. Both students and teachers using calculators had a 
very positive 'attitude toward calculator use in the mathematics 
classroom. 

Feldzamen, A. N. and Henle, Faye. The Calculator Handbook . New York: 
' Berkley Publishing Co. , 1973.^ ' • 

This book gives the layman an introduction to the packet calcu- 
lator. It includes. 'tips on how to use the calculator to solve 
everyday problems such as use in shopping and computing taxes. ' 

Field, R. Sci^&e and the Consumer: Figuring Pockg^£:;'Calculatbrs.. 

Science Digest 77: 85-86; March 1975. ; . ^ 

Ways in which the"^ calculator cari aid the consumer are discussed. 

Fielker, David. <felectronic Calculators: A Changing Situation. 
Mathematics teaching 65: 28-32; September 1973. 

Electronic calculators ^are here to stay, and far-sighted schools 
are beginning to be interested in them. As they become more 
popular, it will be difficult to justify teaching as much tote 
arithmetic as is common. Computing devices of the past have 
often been effective because they Involve tactile and visual 
experience of mathematical operations; electronic calculators 
do not afford one this experience. Use of the hand calculator 
^' in schools will, require emphasis on >placB value, magnitude, and 
notation. Some advantages' of the machines are the ability to 
handle large numbers, their usefulness for activities such as 
estimating square toots, and the possibility of using them in 
the design of new algorithms. Some advice on the purchase of 
calculators and a glossary of calculator-related 'terms is 
included'in this article. ^ 

"^Findley, Robert Earl. An Evaluation of the Effectiveness of a Text- 
book, Advanced GeneraVMath, Used by Ninth Grade General Mathe- 
.matics Classes. (Colorado State College, 1966.) Dissertation 
Abstracts 27A: 2440-2441; February 1967'. . 

The group using the traditional textbook and calculators for a 
full year gained significantly more than the group using t.he 
traditional textbook alone or the modern textbook with^ ceiicu- 
lators, but only on |arithmetlc fundamentals" achievement . 
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Fiske, Edward B. - Educators Feel that Calculators Have Both Pluses 

and Minuses. The New York Times , Section IV, p. 7; January 5, 1975. 

The views of proponents and opponents for the use of calculators^ 
in the classrooirt are presented. 

■ ■ " . • ^ ' ■.. ' - ■ .. . • ' : , ■ 

Free, J. R. P. S. Buyers Guide to Under $100 Electronic Calculators. 
Popular Science 202: 86-88, 156; March 1973. \^ 

Several types of calculators and their distinctive features are 
described. i 

' ' • ■ • 

Free, .J. R. Those Incredible New Scientific Pocket Calculators. - ^ 
P opular Science 204 : / 124-125; April 1975. 

Ways in which the calculator can be used are discussed. 

Free, John R. Now There's, a- Personal Calculator for Ev^ry Purse and 
Purpose. Popular Science 206: 78-81; February 1975. 

Features and functions for 37 models are tabulated. ^ 

Frye, J. F. Versatile Pocket Calculators. Electronics 1: 58-61; 
.>Iay 1972. : / 

Some of the applications for" "calculato rs are discussed . 

Frye, J. F. Buying and Using a Po.cket Calculator. Popular Electronics 
5: 62-64; May 1974.^ ^ 

Some cpmmon-sen^e things^ to look for when buying an electronic 
calculator are given. Some algorithms are also presented, for 
use with the less "expensive calculators which do not have all 
capabilities built in. / . 

. / . ' . 

Frye, John T. Selecting a Caclculator/ Popular Electronics * 8: 94-96; 
• December 1975. 

Who will use the calculator and for what purpose, how much math the 
user has and/or will study, and how much the buyer wants to pay 
should be considered when purchasing a calculator. 

.J 

Gardner, Mar^tin. The Ma^ic Calculator. New York Times Maj^azine , p. 71v 
' January 18, 1976. . ■• • . 

Four tricks, with a calculator are presented, with how and why„they 
work indicated. . ^' 
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/Gaslin, William Lee. A Comparison of Achievement and Attitudes' of 
'students Using' Conventional or Calculator-Based Algorithms for 
Operations on Positive Rational Numbers' in Ninth-Grade General 
Mathematics. Dissertation Abstracts International 33A: 2217; 
November 1972. ' • 

Gaslin, William L. A Comparison of Achievement and Attitudes of 

Students Using Conventional or Calculator-Based Algorithms for 
Operations on Positive Rational Numb^ers in Ninth-Grade General 
Mathematics. Journal for Research /in Mathematics Education - 
. 6: 95'-108: March 1975. / \ . 

. ■ . ■■ ^ / - ■ /■ . / ■ ■ - , " ■ 

Use of units in wMich fractional ^-numbers were converted to u 
decimals and exai]^les the;:i solved on a calculator was found to 
be a "viable alternative? to use ojE conventional textbooks 
(including fractions) with or without a /calculator , for low-*' 
ability or lowj^achievin^ students. / 



Gibb, £• Glenadine. Calculators in the 0i/ssroom. Today's Education. "^64 



42-44; .November-Decem;ber 1975 



/ 



Ways in which the calculator can^''h4 usejd are discussed. 



Gibb, Glenadine. My' Ch/ Id Wants a (^aylculator I NCTM Newsletter 12;' 1; 
December 1975 i / 

. ' ' ■/ ,- '• ■/ I 

Some' suggestions/ for selectillg/and using a calculator are given. 

■ / ' / / ' ' ■ • ' ■ ■ 

Gilbert, Jack. Ad-^attced Applicaf^ifaa for PocTcet Calculators . Blue Ridge 
_Summit, Pei^sylvani Tab jWks, 1975. / 

, Mathenjktical and scientific/problems and examples for all types of 
calculators are included^,'' 

Gronbach, Rita. , Readers' XiijLih^e. / Arithmetic! Teacher -2^: 659-66Q-; 
. December -1975. ' I ' 

' // 

A letter to the editor /commenting on Stultz' artic] 

Grosswlrth, Margin. \ Calculators in the' Classroom. Dat/«natlon . 95: 
90-93, 95; March 19^5. " ^ 



The pros ^d </ons for the use of !\and-held calculators in the' 
classroon/ are given. Siupiaries of some experimental work^ 
using ca^lcul4tors . in the classtoom are present!ed, and the 
need fox more research in this area' is stressed. 



Gwynne, Peter. / New York View: rialculator -Boom. New Scientist ' 
65: •231-23(2; Januar^y 23, 197>^. 

I . 

The Question of wheth^er school cliildren should be allowed -to 
• use calculators in the classroom is said, to be at the "^oot of 
a debate "raging" throughout the U.S. Proponents of calculators 

Gl . 
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argue that their use for calculations can free time to explore 
the basic concepts of >athefnaVics more deeply, while opponents 
insist that their use will lead to a generation of mathematical 
illiterates. As more students acquire calculators, pressure 
to allow their use on examinations is increasing. Several 
schools. routinely use calculators, and children enjoy using 
them. Their use offers the opportunity to do more"; complex 
problems, but also provides the tempatation to sell students 
arithmetic without understanding. 

iiale, David S. Using E;Lectronic Calculators. Mathematics Teaching . 
67: 20-21; June 1974. 

Two examples of classroom use of the calculator are described, 
one with a fifth-year class cfomputitig the volumes of boxes 
which could.be constructed from a piece of metal, and one 
with a third-year class testing hypotheses concerning volumes 
of similar solids.. 

Hanhon, Herbert. The $59.95 Electronic Wonder: Its Implications 

for the Arithmetic Classroom, Mathematics in Michigan , pp. 3-6; 
November 197?. ' 

Various implications of the use of calculators are discussed.. 

Hawthorne., Frank S. Hand-held Calculator: Help or Hindrance? > 
Arithmetic Teacher 20: 671-672; December 1973. 

Few curricular changes will be Necessitated , by t:he advent of 
the calculator. Elementary schools already emphasize an 
understanding of concepts and a meaningful approach to algorithms^ 
It was partly anticipation of inexpensive calculators that 
impelled curriculuni designers to decide that emphasis on /r3 
drill was unwise. While„ calculators will produce no grand 
changes in the curriculum/ calculators of fer many advantag^3:4^ 
the elementary school. Students can check their work, aridv/ 
laborious computation can be eliminated from problem sol^vi^lng 
activities. As with any teaching aid, they can be mis uaed^ 

Hawthorne, Frank S. and Sullivan, John J. Using Hand-held Calculators 
in Sixth-Grade Mathematics Lessons. New York State Mathematics 
Teachers' Journal 25: 2^.-31; January 1975. .:; , j 

This is a report on the study by Barrett and Keefe, involving 
two sixth-grade classes. A post test at the end ^f the year ■ 
\ indicated that the students using calcul^tor&r scored higher 
on tests of /ioncepts^ and computation than a n'pri-calculator 
group, but not as high on problem-solving test^. 

Hellman, Carl. More References to Calci^atp^^av Pennsylvan ia Council 
of Teachers of Mathematics Newslett^ >/l3: 12-lA; Spring 1975. 

Recent articles concerning electroni% calculators are listed, 
with brief descriptions, to call thfem to the attention of. 
mathematics teachers in Pennsylvania.' 
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Higgins, JonL. Mathematics Programs Are Changing. Education Digest 

40: 56-58; December 1974: (Reprint from NASSP Curriculum Report.) 

Inexpensive pocket calculators will change both the kinds of 
computaCiorial-^kills taught^.and the manner in which they are 
taught. Ktipv?|ng when operations are used, checking errors, and 
estimation will become tW^e^J fundamental skills. Programmable 
calculators will soon become commonplace, and emphasis will be 
placed on the unity df mathematics and the common procedures of 
mathematical thought. ./ 

Hoffman, Ruth I. Don't Knock the Small Calculator — Use It! Instructor 

85: 149-150; August/Sjgptember 1975. \ : 

. ■ . ■ ■ \ 

Some "scattered examples" of using hand-held calculators toei^plore 

ma'thematica:!'' ideas are presented. \ \ 

Hohlfeld, Joseph Francis. Effectiveness of an Immediate Feedback , \ 
•Device for Learning Ba§ic Multiplication Facts . (Indiana Uni- 
versity, 1973.) Dissertation Abstracts International 34A: 
4563; February 1974. , , 

The effectivfiess of an electronic calculator, programmed as an ' 
immediate feedback device, was compared with • the effectiveness 
of pencil-and-paper exercises without immediate feedback for 
the learning of the 100 basic multiplication-combinaeions . 
Twelve students in each of seven fifth-grade classes were 
identified as low achievers, and randomly assigned to treatment. 
Significant differences favored the electronic calculator, 
practice group over the pencil-and-paper practice group on both 
acquisition and short-term . retention", but not on long-term 
retention (o'ne month or three-and-one-half months retention 
periods) . 

Huff, D. Teach Your Pocket Calculator .New Tricks to Make Like Simpler, 
' popular Science 205: 96-98; December 1974. 

Interesting things to do with a hand calculator are presented. - 

Huff, Darrell. How to Have Fun with Your Pocket Calculator. Popular . 
' science 208: ,90-91, 152; February 1976. 

^- Activities and games for the calculator are presented. 

Hunter, William L. GettinR the Most Out of Your Ele ctronic Calculator. 
Blue Ridge Summit, 'Pennsylvania: Tab Books, 1974. 

This book describes some basic problems that the layman can 
solve usipg a pocket calcuiatcir,. Working .witt\ basic mathematics, 
. grocery shopping, computing simpl-e interest, and tax preparation ■ 
are some of the topics included'. 
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Jefimenko, Oleg. How to Entertain with Your Pocket Calculato r. 
Star City, West Virginia: Electret Scientific Co., 1975. 

Mathematical diversions ai;e presented. ^ 

Jesson, David and Kurley, Frank. Specifications fof Electronic Calcu- 
lators . Mathematics Teaching 70: A2-A3;.March 1975. 

' . . y ■ \ 

A basic electronic calculator fof th^ 'mathematics classroom ^ 
should have the following features ; listed in order of preference: 
(1) natural-order arithmetic, (2) floating point, (3) underflow, 
(4) constant key to operate 'on all four operations, (5) eighth 
digit display, (6) fingiartip-size keys, (7) rechargeable batteries 
with alternative glug-in operation, and (8) clear-entry key. 
The prospective buyer can check for each of these features 
using simple tests. The educational market is a clear growth 
area for calculator manufacturers, arid should not hesitate to 
demand what is needed. 

Johnson, Randall Erland. The Effect of Activity priented Lessons on 
the Achievement and Attitudes of Seventh Grade Students in 
Mathematics. (University of Minnesota, 1970.) Dissertation 
Abstracts International 32A: 305| July 1971 

Activity-oriented instruction, including one treatment in which 
calculators were used, did not appear to be more effective than 
instruction with little or no emphasis on activities, for units 
in number theory, geometry and measurement, and rational numbers. 

Jones, CD. Pocket Math. National Elementary Principal 53:. 56-57; 
' January 1974. 

Three children (aged 6, 7, and 10), who used a pocket calculator 
for one-and-one-half weeks, learned to use the machine in 
self-initiated activity. However, it took a while for them 
to trust it. ' ' 

Judd, Wallace. Games/Tricks, and Puzzles for a Hand ..Calculator . 
Menlo Park, California: Dymax, 1974. 

This book is a source of recreational ideas for use with the ^ 
calculator, with sections on each of the topics of the title. 
Included also is. a-section on the internal workings of a 
calculator. 

Judd, Wallace. A New Case' for the Calculator. Learning 3:. 41-48; 
March 1975. 

A visit to a classroom in which calculators are used reveals 
that children work well with them. As calculators become 
increasingly available, a change in classroom emphases will 
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occur; drill will be de~emphisiVed^ in favor of problem-solving 
activities. Students will need to*^ have firm concepts of place 
value. The calculator will never replace mathematical under- 
standing, but it is here to stay. Considerations for selecting 
calculators and selected games for use with calculators are 
descr;4^bed. 

Kelley, J. L. and Lansing, Ira. Interim Report on Project EQUIP. 
Berkeley, California, July ,1975. 

This document reports on Berkeley's mini-calculator program 
. for teaching mathematics ' to low achievers in junior high school ■ 
classes. Data on° four experimental and four control classes 
are presented. ; ' 

Keough, John J. and Burke, .Gerald W. Utilizing an^ Electronic Calcula- 
tor to Facilitate Instruction in Mathematics in the 11th and 12ttf 



t rades. "Fina l l^leport . July 1969. ERIC; ED 037 345. 60 pages. 

The group using calculators' achieved significantly more on a • 
standardized test than did a group not using theiji. 

' ■ ■ ^. ■ ' : i . " 

Kessner, Arthur. Exploring Calculators in Primary Mathematics. Berke^ley, 
California: Regents, of the University of California, 1975. 

A report on a study with primary grade children is presented. 

^Ladd, Norman Elmer. The Effects pf Electronic Calculators on Attitude 
and Achievement of Ninth Grade Low Achievers in Mathematics-. 
(Southern Illinois University, 1973.) Dissertation Abstracts 
International 34A: ' 5589; March 1974. 

Two-hundredrone low achievers were randomly scheduled into one ■ 
of five control sections or one of five experimental sections. 
All groups followed the same lesson sequence, with control groups 
using only paper-and-pencil f or all calculations and experimental 
sections using electronic calculators.- Significant differences 
were found on both attitude and achievement tests from pre- to 
^ post-treatment for both groups, but no significant differences 
in postteat mean scores were found between group^. 

\ Lecke;:, Lorna*'^ Mini-Calculators Help Students Enjoy Math.' The 
Burlington (Vermont) Free Press , p. 19, June 20, 1972 

A report on t^e positive influence that two electronic _ 
calculators haS, on the students in a junior high mathematics 
^ prograj[n is giyen\ . * - 

Lesjack, J'. J. ComputatiQn: Beat the Machine. Grade Teacher 87: 
.150,^ 152-153; March 1970. . 

] A game in which teams of students compete with each other 
i ■ using an adding machine can be used to practice and enhance 

basic skills. 

o < ^' ' ■ ■ 65 
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Lewis, J. "A Further Review of Scientific Calculators. School Science 
Review 56.: * 625<5628; Number 196, March 1975. 

Eighteen calcurlators available in Britain are analyzed. 

Lewis, Philip.' Minicalculators Have Maxi- impact. Nat ion^a Schools 
93: 60, 62; May 1974. 

The pocket calculator is not only cheaper and more convenient 
than the calculators of a few years ago; it can also do ir|ore^ 
It may revolutionize education by saving students and teaq^^js • 
a great deal of computational time. Checking answers will^ 
become routine. Students may^ even use mathematics outside of ^ : ■ -'^ 
class. When buying calculators , .several optional features^ | 
should be sought: built-in battery rechargef* battery drain \ • 
indicator, display cut-off; decimal capability, numeric dd;filp lay 
indicator j .high impact plastic housing, and warranty. Atri:g ^ 
increasing number of models and extra features are available.-^ 
■ - ' '* > 

Lindsay, Robert L. Black Box Numeracy. Mathematics in School- 4: 26-28; 
November 1975. - 

The effect of the use of . hand-held calculators on the arithmetic 
curriculum is e^tplored. 

Longstaff, R. et al. Desk Calculators in the Mathematics class- 
room . June 1968. ERIC: ED 029 498. 11 pages. * 

This study was designed to test, the use of calculators with 
two groups of ninth graders and one group of fifth graders. . 
" The findings were equivocal, concerning the effect of. calculators 
' on students' performance, .self-confidence, and attitudes toward 
mathematics. Teacher enthusiasm for calculator use was unrelated 
to student performance. Teacher enthusiasm was highest in 
classes of low-average IQ. While some'' teachers felt calculators 
interfered with their daily operations, others felt that the 
productivity of students increased, especially among those pre- 
viously incapable of producing. Classroom behavior problems ^; 
were eased. ' ^ . ^ . 

. ' f' ' . 

Machlowitz, Eleanore. Electronic Calculators — Friend or Foe of Instruc- 
tion? Mathematics Teacher 69: 104-106'; February 1976. 

Some :suggestions for using calculators are presented. 

Maeroff , Gene I. Calculators Termed Good Tool for Pupils. New. Yoirk. Times, 
December 24,' 1975. " 

The NCTM position on calculators is reported. 
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Mastbaum, Sol. A Study of the Relati-ve Effectiveness! of Elktric . 
qalculators or Computational Skills Kits in the Teaching of 
Mathematics, (University of Minnesota, 1969.) M88eri.ation 
Abstracts International 30A: 2422-2423; December 1969. 

' ' ■ , • . • I . • 

The calculator, when used as a teaching aid withjSlow learners . 
in mathematics in the seventh aad eighth grades, jdid.nat: signi-- 
ficantly improve -attitude, increase mathematical j achievement, 
or increase noti-calculatcr computational skill, mastery of \ 
^ mathematical concepts, or ability to solve mathematical probleW. 
However, the students did at l^as-t as well in all areas as thosV 
students not using calculators. \ 

McCluggage, D. Calculators: Mini-Calculators. American Home 76: \ 
• . 25-26; April 1973. . 

Uses of hand-held calculators are discussed in this article. 

McShane, Jane. Electric Calculators; Business Educa tion: 7718,06. 

(Qiiinmester Course, Dade County Public Schools,- Miami, Florida.) 
1972. ERIC: ED 097 570. 30 pages. , 

A course was developed to instruct business stiadents in the use 
of mechanical and electronic printing calculatbrs, and= electoronic 
display calculators. "Performance objectives,, cotirse content, 
su^ggested activities, evaluative instruments, and resource 
materials are described. 

Miller, R. Make a Giant St6p Forward with the Latest fn Electronics 

Technology: The .Mini-calculator . Man/Societv/Te<^hnology S3-: ' , 
^ 5-6; September 1973- \ 



The potential of the use of calculators is (;iiscussed^. 

Millikin, .G. and Siegel, D. Kit for Teaching ..Calculating i^nd Computing 
Devices. Teaching Exceptional Children 3: 17-22; Fall 1970. 

A kit was designed to introduce gifted students to baai\ computer 
activities. The kit included an abacus, slide rule, desk\ calcu- 
lator, punch-card equipment, and an electronic computer, a^ well 
as books. A series of objectives and activities- is outlirf^d. 

Mims, F. '$20 Mini-computer Revolution. Science Digest 75: 41-45; 
May 1974. 

Due to rapidly advancing technology, especially the development 
■ • of silicon large-scale integration 'chips, the price of vestpocket 
calculators is going down, while the capability ot these devices 
continues to increase. Calculator manufacturers are now working 
on streamlining the pocket models even more, and perfecting key- 
boartf design. Advanced scientific and business pocket calculators 
are currently on the market, as ate" models which perform conver- ' 
alona between the metric and English Hystema pf measurement. A 
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somewhat large calculator wi,th priiitout capabilities is available, 
and .programmable calculator^ are being developed. In the future, 
calculators with large memories" will he available. One pocket- 
sized machine will serve as a combination computer, telephone 
u directory, notepad, calendar, /and dictionary. : 
■ . * 
Mims, Calculators: From the -Abacus to the Electronic Calciq-ator . 

Radio-electronics „A3: ,,^51-54; December 1972. 

The development of calculating machines is traced./ 

Moss, Rosalind. Using Electronic Calculators . Mathematics teaching 
'67: 20-21; June 1974. , 

■ Suggestions for using calculators in the classroom are discussed. 

Mullisli, Henry. How to 6et the Most Out -of Your Pocket Calculator. 
New York': Collier Books, 1974. ' 

This book describes how pocket calculators can be used by the, 
averag^' pe^rSon. Such things as determining gas cqnsumption 
■ of one's ca\., balancing a' checkbook, shopping for jbest buys , 

computing interest, ajid' similar topics are covered. A section 
on higher-priced calculators is indluded along with sample 
problems and answers . 



/ 



North, Roger. -Using a Hand-held Electronic Calculator, 
in School' -4: 22-23; March 1975. 



Mailihematics 
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An explanation of the features .and operating, procedures for one 
British calculator are given, with illustrations for solving 
various types of problems. 

Offenheiser, Marilyn. U. S. Homes in on Calculators. Electronicg - 45: 
69-71; September 25, 1972. 

Challenging Japanese domination of the business calculator ■ 
sales, Americans are exploiting technology, not merely exporting 
it. Reduced prices for U. S. calculators are upstaging cheap 
Japanese; labo^. . 

Osborne, J. M. The Pocket Calculator in School, Physics. Physics Education 
' 9^: 414-419; September 1974. . / " , . V'' ' 

The significance of the simpleV inexpensive type of calculator ps a 
tool in the classroom is discus^d, as well as the contribution of the 
- more sophisticated type to the school spience department". ' , , 

Parks, Terry -E. Mlriicalculators: Opportunity or Bi^lemraa? Bulletin 
of the Kansas Association of Teachers of Mathematics 49: 18-21; 
April 1975.. ' ' \ * 

The phenomena which will have the most profound effect on mathe- 
' tnatics 'Education in the 19708 are the changeover to the metric 
system and the rapidly increasing use of hand calculators. 

68' 
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Reportedly 30 to 50 per cent of all secondary students \in Kansas 
qity.have access to calculators, yet relatively little has been 
wtltten about their use in schools* Research on the effects of 
such use has produced mixed results. The decision to uke or not 
use calculators in the classroom must depend on many^ fattors. 
Calculators can be used functionally as an eraser or de^, or 
pedagogically like textbooks and flashcards. ' Used in either way 
they will necessarily cause curricular changes; they deal in decimals, 
not fractions, and handle negative numbers as easily as i)ositive. 
The inajof benefit of calculator, use will be in the area of moti- 
vation ► 

Pendleton, Deedee* CalculatbrsTrTthe Classroom,' Science News .107: 
175, 181; March. 15., 1975. 

Both -thfe manufacturers of .electronic calculators and ''progressive" 
educatars are anxious to see a calculator in every classroom. 
Although Opponents claim that students using them won't know 
how to count when the batteries die, instructors using them -say 
calculators increase students' interest and enable them" to 
solve more int^esting problems. 

Priest, E. C. Additional Functions for'Your Pocket Calculator. 
Popular Electronics \l4; 64; October 1973. 

By .knowing a few simple\^cedures, one can make a simple four- ^ 
function calculator peVfornKmany functions. Positive integral 
exponentials rreciprocals, and^squ ate easily cpmputed 

by the described methods; \^ . ' 

Quadling, Douglas. A Nation of Button Piishers? Mathematics in School 
4: 23; May 1975. \ ^ 

The use of. electronic calculators in the British classroom is 
examined. Concern center" on the extent of \sed, with basic 
questions about use on tests, fairness to thd^^who cannot afford^ 
them, and, the danger of them becoming a . "crutch^. 

Quinn, Donald k. Yes or No? Calculators in the Classrooiri.^ NASSP Bulletin 
60: 77-80; January 1976. 

i ■ ■ . ■ . ^ ■ ■ 

Reasons for using or not using calculators are discussed. 

Ouinni Mildred Louisa. Accounting Class Failures and Arithmetic 

Deficiencies. Business Education Forum 28^ 30-31; March 1974. 

A cotnmon cause of failure in accounting; student inability to^-, 
"compute mentally, could be resolved if a calculator were availab^ 
to ail students. ' ■ . N,. 

Riden, Chuck. Less Than Ten on a Calculator.* School Science and MkUigina- 
tics 75:. 529-531; October 1975. 

A method to check addition and subtractlbn in any number base less 
' than ten, using. a simple adding machine or a calculator, is given. 
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Roberts, Edward M. Fingertip Math .' Dallas: Texas Instruments, 1974. 
This book explains how to use a hand-held calculator effectively . 

Rogers, J. T. The Calculator Book; . Fun and Games with Your Pock'et 
Calculator . New York: Random House, 1975. 

This book presents many activities for the calculator* 

Schafer, Pauline; Bell, Max S.; and Crown, Warren D. Calculators in Som^ 

Fiffh-Grade Classrooms; A Preliminary Look, \Elementary School Journal 
' 76: 27-31; October 1975. / . ^ \ 

Students tn the calculator group scored signif iViantly higher on 
calculator examples, while no differences wer^ found on nojicalculator 
examples between calculator and noncalculator giioups, 

Schilt* H. Use of Calculators in Swiss Schools. Arithmetic Teacher 9: 
129; March 1962. 

The use of hand'-cranked Curta calculators is desicribed 

\ 

Schott, A. F. Adventure in Arithmetic. Educational/ Screen 34; 65-67; 
1955. 

A study with students in grades 4 through 9 is/ reported; the 
groups using calculators achieved higher than/groups not using 
I calculators . 

Shapiro, Donald. How To Add Functions to Simple /Hand Calculators . 
Popular Electronics 8:' 38; September 1975/ 

Instructions for modifying the calculator Are provided. 

Shaw, Bob . ^ Equipment for the Mathematics Rooift. Mathematics in School 
2; 30-31, November 1973. 

Among other materials, eight permanently fixed but readily 
c available calculators are suggested. 

Shea, James Francis. The Effects on AchieR/ement and Attitude Among 

Fourth Grade Students Using Calculator Flow-Charting Instruction 
vs. Conventional Instruction in Arithmetic . (New York. University , 
^973.) Dissertation Abstracts International 34A: 7499; June 1974. 

The group having calculator instruction had significantly higher 
scores than a group not using calculators on computation but not 
other tests or an attitude measure. 

Shuinway> Richard J. Mathematical Problem Solving, Children (9--12 Years), 
Teachers, Hand Calculators, and Research. Unpublished manuscript, 
prepared for'George Springer, Indiana Problem Solving Project; 
September 1974. r-* Q 
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Psychological .and math/ematical considerations in regard to problem . 
solving ire discusse^ with the use of the hand-held calculator one 
of many '.points . / ' ^ . - 

SkoU. Pearl, Co ping Jth the Calculator .,. Nor'thridge. California: 



New York: 



Pearl Skoll, 197 Sf. 

Activities for ^se with calculators are presented. 

Smith, J. M. Sciett^jfic Analvsis on the Pock et Calculator. 
I Wiley, 1975. / • , ' ., 

i Suggestions/for more advanced uses of the calculator are presented. 

Sbencer JoAnn/Nora. Using the Hand-held Calculator in Intermediate Grade 
^Arlthmet/c Instruction. (Lehigh University, 1974.) Dissertation 
; AH^rrac/s International 35A: 7048-7049; May 1975. 

; The cZculator group scored significantly better than the non-calcu- 
■ 'lato/ group on the reasoning test in grade 5 arid on the computation 
tesZ-and total test in grade -6. 

/ ■ ' , ' 

<?tocks/ Sister Tina Marie. The Development of an Instructional System 
'' Mich incorporafes the Use of an El.ctric Desk Calculator .s an^^ 
• /Aid to Teaching the Concept of Long Division to Educable Mentally 
/Retarded Adolescents. (Columbia . University , 1972.) Dis^fertation 
, Abstracts International 33A: 1049-1050; September 1972. 

/ All students demonstrated an improvement in scores between pre- 
/ and Josttest; however, no tests of significance were made. A positive 



/ 



change in attitude was also found, 



/ ^ Stultz, Lowell. Electronic Calculators in the Classroom. Arithmetic 
Teacher 22: 135-138; February 1975. 

Several applications of calculators at various elementary grade 
-levels are suggested, with some punch/display sequences illustrated. 

Thiagaraian, Sivasailam. Calculators are "In" and Cheap : Here are Four ■ 
■ Smes You Can Play Using the Least Expensive. Simulation/Gaminfi/News 

2: •. 10-13; .January 1975. 
' The games may be appropriate for older students. 

Triggs, E. The Value of a Desk Calculating ^^^^^i^ 5,".^!^"'^ 



Mathetnatics. Educational Research 9= 71-73; November 1966. 

Two groups of students, matched for , ability , were found to make sig- 
nificant gains whether or not they used the calculator. 

Arithmetic Teacher 14: 
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Van At ta,.- 'Frank. Calculators iri the Claasrobm. 
650-6515. December 1967. 

. ■ Manv problems cannot be ddfte^y the pupil alone, but can be^handled 
bv the pupil-plusycomputer combination. . Two such problems involve 
exponent and th/pythagorean theorem. The facility to do --y compu- 
• tations enables/students to get a better feel for rational and irra- 
tional numbers and for the definition of a logarithm... 



Wasson, Ruth Ann. The Medium is the Message. . .Or There is a; 
in the Medium. Journal of Business Education 48: 69-7;^ 
November 1972- . // 



Cessage 



Experience shows that students are accepting the us^of calcu- 
lators because it; saves them time and provides mor^ realistic 
experience related to business practice. 

; Weaver, J. F, Materials for use in workshops on usi^g. the hand-held 
.calculator. Madison: University of Wisconsin^l975. 

Various materials prepared by the author in^ude a list of books 
and articles, questions to ask when purchasing a calculator, 
descriptions of various models, and items/to use with cjilldren. 



Weaver, J. Fred. Rea.ders' Dialogue. 
December 1975. 



Arithm^lc Teacher 22: 658-659; 



A letter to the editor commenting on.^tultz' article. 



Weaver, J. F. Calculator-influence d Exp^oratlong In 




athematics ; 



Number Sentences and Sentential Trat!iafa^matl.ori5 -J^--1 X. — Project 
Paper 76-1. Madison: Wisconsin Research and Development Center tor 
Cognitive Learning, January 1976. 

Explorations involving the use of mii^ Electronic calculators in 
connection with mathematics instruction were conducted with two 
fifth-grade classes, two second-grade classes, and three third-grad 
classes. Limited empirical data suggest that pupils encounter no 
consequential problems with the mechanics of using simple four- 
function, algebraic-logic calculators in routine contexts, and that 
pupils likely will elect not to use calculators in situations where 
their use is unnecessary or of no particular advantage. While 
elementary-school mathematics prograijis usually emphasize binary 
operations, project explorations hav^ moved .increasingly toward 
content interpretations in tenrs of unary operations. 



Adding and Calculating Machines. 
September 1972. 



Consumer Bulletin'' 55: lA-18; 



Features, prices, and things to look. for when buying are included, 
with ratings gf ter| electric adding machines and one electronic 
hand-held calculator. 



Calculated Boom. Newswiek 80: 84; October 2, 1972, 



T^ie increasing po^larity of electronic calculatoirs^ls reported... 
Calculjatad Warfare.. Time 100: 95 ;^tob«r'^v 19.72. 

; J status report on calculato-fs is given , with the price war i>oted , 
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Calculation or Computation? Is That: the Question? Teacher , p. 52; 
. March 1975. , . r , 

The role of the calculator in schools is discussed. 

Calculators. Consumer Guide 1975 Consumer Buying G "id^; ' N^w York: 
l^ew American Library, Signet edition, 1975. Pp. 340-344. 

Ratings for various types oTcaTcuiators are presented. 
Calculators. ConsumerReports 40j 533-541; September 1975. 
General-purpose calculator's _are analyzed. 

Calculators. Times HJ.gher Education Supplement (England). No. 214. pp. 
23-27. November 28. 1975. " 

■ This issue contains a series of articles, by different authors on 
various aspects, of calculators, including background, uses, and 
projections. •' 
Calculators in the Classroom. Time' 105: 88; January 6. 1975. ^ 

An overview of some initial work. with calculators in the" class- ' 
room is presented. Sutcesses have been reported in computational 
efficiency and motivation.- Problems include fear of dependency, 
unfair advantage, and machine-security factors. 

Calculators Plus' Classroonis Equ^l Positive Profits. Consumer ^Elec- 
tronics News . February.-'1975. 

The status of 'c'a'lculators is discussed and conclusions of manu- 
facturers^and retailers presented. 

C^-uldtQrs Remotivate High School Students Towards Math. Educational 
Equipment and Materials . Spring 1973. r 

' Use of desk calculators with low achievers in a San Francisco 
high school is described. ~- , _ ; ^ 

Calculators Slim Down in Size and Price. Business Week, p. 50: 
. October 9. 1971. 

The development of chjlps, reducing size, and price of calculators, 
is discussed. ' 

A Calculator to Fit the Pocket. Business Week , pp. 28-29; April 18., 
1970. ■ . 

The development of one of the first pocket-sized calculators is 
described. 

\ 73 ■ ' 
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Effectiveness of Calculators in Teaching Children Both Fundamentals 
and Concepts .of Math. Educational Hguipmen t and Materials. 
Spring 1973. . • ^ i 

A pilot program with pupils in grades 4-6 is reported. . s 

Electronic Brains in the Classrooms - A+ or -? U. S. News & World 
Report / p. 30; January 13, 1975. 

Views are presented for and against the use of calculators. . 
Electronic Calculators. Consumer Bulletin 56:. 15-19; May 1973. - 

Various types of c/lculators are discussed. 

Electronic Calculators/ Changing Times 27: 39-41; July 27, 1973.- 

Differing chara/teristics of calculators are considered, with 
a summary for twelve hand-held and eleven desk calculators. 

Electronic CalcuMtors.. The Complete Buyer ' s Guide: ■ Best Values '75 . 
New York: pvice Communications, Guide.No. 18, 1,975. Pp. 49-64. 

Various ca|:culators are evaluated. 

Electronic Mini-calculators. Consumer Repor£l 38: 372-377; June 1973. 
38: 663;. November 1973. . 

■ f ' ' ■ ' 

Basic 'characteristics, prices, and ratings for calculators are 

presented. '■■ i - 

Electronic picket Calculators. Consumer's R esearch Magazine 57: • 
7-12; September 1974. 58: 19; January 1975. 

' ^- / . , 

Characteristics and ratings of calculators are given. 

- ■ / ■.. 'I 
Games Calculators Play. Time 103; 56; pune 24, 1974. 

U^ing the calculator for' games and spelling words is discussed. 

Great' Calculator Debate. Nation' s"'Schools and Colleges 1: 12, 26;^ 
December 1974. 

■ Reasons for 'using or not using th? calculator arj discussed., 

How. to Pick an Electronic Calculator. Better Homes aiid Gard ens 51: 
' 162; April 1973. - 

5ome features to look for whe« buying a hand-held calculator 
include floating decitnal, negative function, .clear key, ability 
to do mixed calculations, and power soujLce-r^ 
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Math Lab ^Matrix (Illinois State University bulletin) , Spring 1976 . 
This, issue is devoted to articles about using .calculators. 

The Mini-Calculator Project. E^^n Education. 4: 8-9; Number 1. 1975. 
(Temple University College of Education.) _ 

A .-Large-scale investigation of the effects of the availability and 
: use of .the hand-held calculator upon the attitudes and mathematics 
achievement of seventh-grade students is described. 

Hlnicalculators in Schools. AritJmeti^T^ 72-74; January 1976. 

Mathematics Teacher 69: .92-94; January 1976. 

This report from the NCTM Instructional Affairs Committee presents 
nine Justifications for using the hand-held calculator, with some f . 
specific examplesof curricular applications. 

Minicalculators Steal the Consumer Show. Business Week, pp. 29-30; 
June 16, 1973. 

' The market situation is. reviewed. 

New-Markets for Prdgrammable Calculators. Business Week . pp. 109, 112-113; 
Tlune 15, 1974. : 
"^The status and projections for sales of calculators are given. 

- There's a Personal Calculator for Every Purse and Purpose." Popular 
Science 206: 78-81, 136; February 1975. 

Types of calculators are described and discussed. 
Numbers Game: Games with Pocket Calculators. Newsweek 85:66;, 
March 17, 1975. 

Several games played on calculat6rs are described. 
t The Omron Express 1 Mountain View, California: Omron. 1972, (See 

ERIC: ED 079 923.) • , . / 

This 30-page comic book is designed to ' introduce elementary-school / 
children to electrortic .calculators . / 

nnp Neat Little way To Get Your Schools Ready for the Electronic / 
- —?^Lli^rCels coming . America n School Board Jo _urnal 

. 160:- 46-47; September 1973. ' / 

Some plans for providing electrical and communication. ouUet^ 
in an open-plan school are described. ./ 
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Overview and AnalyBM"u-i' S t: ho i> L Ma t heina t 1 c ( ; r ad e 8 1 2 , Washington : 
Conference BoiLrd of the Mathemal Icai Sciences, National Advisory 
Committee on-Mathematical Education (NACOME) , November 1975. 

In the report, references to the use of calculators are made at 
many points, including pages 24-25, 34, 40-43, 138, 141, and. 145. 

Pocketing 'th'e Profits / ; Dun^s 100:^ 39-90 ; , September 1972. _ 

Tteturrent status "and future "projection for th^ manufacture X)f 
ca.lculators is given. 

Quiei Show Worries Calculator Makers. Business Week , pp. 109 ff.; 
.June 15, 1974. • 

The slowdown of interest in calculator sales Is described. 

gales Boom: Prices Plummet in Pocket Calculator B£z. Purchasing , 
November 19, 1974. 

'This is a brief report on the status of sales .in calculators. 
Scientific Calculators. • Consumer Reports 41: 86-87; February 1976. 

This update on the September 1975 CR report includes-^a^iaiy&es ,of 
four calculators. 

Teachers Approve of Mini-Calculator Use in Classrooms. Math^s Alive , 

volume IV, No. 10. Philadelphia, Pennsylvania: Office of Curriculum 
and Instruction, The School District of Philadelphia, June 1975. 

Results of a questionnaire sent to all secondary mathematics teachers 
in Philadelphia public schools are presented and discussed. 

Those Little Calculators. Bulletin of the Council for Basic Education , 
p. 5; January 1975. , , " ^• 

The impact of calculators is briefly discussed. 

TrlrkM wllh CnUnilatorM. Macl\lnoJVHl^^^ pp. 170 ff.; June 13, 1974. 

Some ways to use calculators are discussed. : 

u\il i z ing an Electronic Calculator. A Manual for Planning and Develop-^ 
\ ^menL January 1970. ERIC: ED 038 030. 53 pages. 

An electronic calculator was used to aid mathematics instruction 
in grades 11 and 12. Requirements for implementing the program 
are described and illustrated by experiences at the pilot school. 
A curVl^alAlum guide is given for the inservice teacher training 
piPografC and suggestions for using the calculator in a mathematics 
program are included. . ' , 



tJhat;'to Look. For in an Electronic Calculator. Christian Science Monitor , , 
December 10, 1974. \ 

Some guidelines are given for those purchasing a calculator. 

Where Do You Stand? Computational Skill Is; Passe.N Mathematics 
Teacher 67 : 485-488; October 1974 • ^ ' 

A survey of teachers-, mathematicians, and laymen is reported, 
with seven questions and percentage of responses noted* 

World Electronics Markets: Mounting a Push Toward a Slow Modest. Recovery • 
Electronics 49: , 83-106; January 8, 1976. 

Projections on sales. of calculators are included amid much other data 

1984: ^ Calculator on Eve:ry Wrist and in Every School Desk, Too. 
Nation's- Schools and Colleges , p. 13; December 1974. 

What will be available for calculators is predicted by Mullish. 
He expects many of the sophisticated capabilities now on 
' expensive models, such as programming capacity, to be found on 
most standard models in a few years. 
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Appendix B: 

1. Summarized Responses from Manufacturers and Distributors 

The questionnaire (pages B-2 to B- 4) was sent to 39 manufacturers 
and distributors; responses were received from only 7. This information 
is collated on pages B-5 to B-11). In an attempt to secure further 
information, some were contacted by telephone. In addition a "blind"''V, 
request for advertising information was sent, and information on 
specifications was collated from these materials. This information 
is presented on pages B-12 to B-16). 

Especially evident (amid the general lack of response) was the 
helpfulness of the representatives of two companies - Hewlett-Packard 
and Novus - about the role of hand-held calculators from their 
perspective. 
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Survey on Calculators 



Sample: Calculator Manufacturers 



1. Please fill in informatian ton models of hand-held calculators that you 
manufacture which you consider appropriate for .use in elementary and/or 
secondary schools, and chbck the features of each: 



a 
o 



CO 
O 

<U CO 
O 

U i-» 

0) o 



'■ a r — "- 

Model number 




















Current retail cost 




















Rechar§able? v 




















Adapter cost 
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X, -^ 














«* 


























scientific notation 
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floating decimal. 




















log (base 10) 




















In (base e) 




















10^ 




















e^ 












f 
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.xY 
















•n. 




sin 




















cos 




















tan 


















i ■ 


arcsin/cos/ tan 




















hyperbolic sin/cos/tan 




















n! 








































stacking storage 




















independent storage 




















'^programmable? 
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2. Do you advertise hand-held calculators as being useful in doing school work?^ 

' . _ Yes ; ; ' '^r _ ■ - ■ . " 

. No 

3. Do you employ staff specifically to help edu(;ators/schools use hand-held 
calculators?^ 

^ Yes ' / ' •• 

[ No . • 

4. Do you produce educational materials to be used with hartd-held calculators? 

Yes (We, would appreciate samples of these materials.) 
• No • 



5. Approximately what percentage ^ of your sales of hand-held calculators is 
^lade to elementary and/or secondary schools? . . 



a. 0% 

b. 1-25%. 

c. 26-50% 

d. 51-75% 

e. 76-100% 



6. What do you estimate to be the total sales <to date) in the United States 
of hand-held calculators? 

of all manufajEiturers of your Company • , 

a. number/ ! . , — 

b. $ amount ] 



7. What do you project for sales of hand-held calculators in the United States? 

of. all manufacturers of your company 

number $ amount number $ amount 

a. for the 

rest of 1975 



b. for 1976 

c. for 1975-77 

d. for 1975-80 

e. for 1975-85 
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8. Approximately what percentage of sales of hand-held calculators do you 
estimate will be made to ; elementary and/or secondai y / s.chQQ l a l^,..^.^ - 



of ail manuf aZEIr S?r-^"'^"'"™'™Br'y^^^ 
number $ amount number $ amount 



1 !3r< retfJEsr^ 'H-'J 



a. for the • 

rest of 1975 _ 

c. for 1975-77 



d. for 1975-80 

e. for/l975-85 



9. What types of consumers are buying hand-held calculators?. 
Type Estimated % of market 
Schools (K-12) 



a. 



Individuals 
for general 
home uses 

Individuals 
for wor^c-' 
related uses 



d. Other 



■ IQ. What do you predict for the future technology In this fieid? 
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1. PJease fill in information on mpdels of hand-heldt calculators |that you 
manufacture ^hich you consider apprjopriate^f or use in elementa^ry gnd/or 



secondary sclitrals, and check the features of each : / _ . „J,_, , 
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1. Please fill in information on models of hanch-he Id' calculators that you 
manufacture which you consider appropriate for use in elementary and/or 
secondary schools, and check the features of each: 
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l/\ Please fill in information on models of hand-held calculjators that you 
Imanufacture which you consider appropriate, for use in "elementary and/or 
•ifsecondary schools, and check the features of each: 

< HewleH- V(Kc\::arc{ . 



Modal number 
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1. Plgasei:;^:jPS&>'iS^^ on models of hand-held calculator's that you. 

mSi^fdcture which you consider appropriate for use in elementary and/or 
secbi]i4^ry schools,, and check the features of each: 
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1. Please filX\in information on models of hand-held .cal" 
. manufacture which you consider appropriate for use" in 
secondary schools, and check the^ featij/res of eabh: 



ulators that you 
elementary and/or 
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Do you advertise hand-held calculators as being useful in doing 
school work? 



les: 
No: 



1 



Do you employ staff specifically to help educators /schools use 
hand-held calculators? ' . 



Yes: 
No: 



Do you produce educational materials to be used with hand-^held 
calculators? 



Yes: 
No: 



Now producing material: 1_ 



Approximately what percentage of your sales^pf hand-held calculators 
is made tQ. elementary and/or secondary schools?' 



,0 - 5%: 
I - 25%: 
26 "50%: 



lio response: 4^ 



What do you estimate to be the total sales (to date) in the United 

^Siates^'^f~iys9^d'-held-caT^^ ^ ^ ^ 



a. number 



b. $ amount- 



of all manvifacturers 

30-35 millibn - 1 . 
15-17 millibn - 1; 
no response! - 5 

$250-350 million - 1 
$530 million I - 1 
no response 1 - 5 



of your company 
No. response - 7 

/No response - 7 , 



What do you project for sales of Uand-H^ld calculators in the 

United States? . - 

.1 

of all manufacturers ; of your company 
number * $ amount number ' $ amount 



a4 for the rest 

of 1975 
b. for 1976 



10 million $2:50 million' 

18-20 million $550 millio^ 

c. for 1975'-1977 20-23 million $^90 million 

d. for 1975-1980 23-25 million $600 milld^on 



No response - 7 



e. for 1975-1985 25-28 million $6130 mill:^on 
Total by 1980 



No response - 5 



100 million $21.5-5 billion 
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8. I Approximately what percentage, of sales of hand-held calculators djo 
' yoii estimate will be made to elementary and/or secondary schools? 



of all manufacturers 
number $ amount 



a. for the rest 
of 1975 , 

b. for 1976 

c. \ fo-^ 19 75-^77 
d: fc'.' 1975-80 
e. for 1975-85 



10% 
10% 
10% 
12% 



(dnly 1 
response; 
no dollars 
named) 



of your company 

i 

number $ amount 
No response - 7 



9. ' Tv^at types of Consumers are buying hand'-held calculators? 



Type - " : 

a. Schools (K-12) 

b. Individuals for 
general home 
u^&B-. 

c. Individuals for 
• work-related 

' uses 

d. Other 



Estimated % of market 
7%, 10%, 10%, 

^ . ■ . \ 

- 25%, 30%, 60% , 

i . • ■ 

22%, 50%, 50% 
1%, 10%, 15% 



' Np .^respdnse - 4 



No response - 4 



No response - 4 
^^o response - 4 



10. What" do you predict for the. future technology in this field?' 

- Specialized function units such as metric converter. 
Programming. capability also. \ 

- Much more power in prograiomable machines for loweif prices as 
technology and competition progress. More special^ity models 

,^or specific requirements. These are called dedicated machines. 
-It will be changed. 

- Unlimited.. . 



No response - 3 
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Additional Sotirces of Info3?matlon 
on Calculator/Availability /and Features 

. ^ ' ■ /.' ' ; „ ■ . \ 

A. Blind Requests for^ Advertising 

Letters requesting that Information conceml^ng calculators be 
sent to the hoina of an individual on the project staff were mailed 
to 39 firms identified as manufacturers of hand-held -calculators. . 
Returns were as follows: v 

3 - returned by post office ' ... . .. 

7 - replies Indicated company does not make haud-'held^ calculators 
14 - sent advertisements for hand-field calculators 
15-- no response (These Included some now known to be distri- 
butors rather than manufacturer^.) 
Replies were received from the following companies: 

Summit - Craig ■ ' Lloyds Texas instruments 

Casio Toshiba Sharp Adler 

Melcor Rockwell Monroe Hewlett Packard 

Unltrex Radio Shack 

The advertisements received were examined to determine answers to 
the following questions: 

(1) How many companies manufacture ~ 

at least one full scientific model? 9 . 

at least one programmable mddel? ♦ 1 

at least one "four-- function-only'* model? 12 

at least one four-function plus %\model? 13 ' , 

(2) Were prices supplied? 

yes for all models: 4 yes for soie models: 1 none: 9_ 
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(3) Was warranty information supplied? ^ 

yes for all. models: 6 yes for some: 1 none: _ 

(Warranties reported ranged from 90 days^ to 1 year. Some 
companies are consistent across models; for others length 
of warranty increases with price.) 

(4) How many models were advertised? 

Number of models . 12 3 ^. . 5 6 - 7 8 9 10 
Itumber of companies 1 2 " 0"113 3 1 1 1 

Data concerning features available on different machines were tabu- 
lated and are summarized in Table 1. 
Notes on Advertisements (Table l) 

- Floating.-decimal: almost/ all models claimed to have this feature. 
Sometimes a mysterious 'Wraparound" decimal is mentioned. One 

model (TI 2550) has a floating/preset option, 

/ ■ ■ 

- Other features: since this is advertising, some ambiguity exists. 
Some ads spoke of %, squaring, and other operations as "hidden 
features". If the pictured model did not show ,a % (reap x ) key, 
the^^' were not tallied. Similar ambiguity ,exis ts with regard to- 
the "constant" feature and memory; 

-r Scientific notation figures are hot necessarily accurate. (Use of 
this notation was tallied only when explicitly mentioned presuma- 
blyLjiie 20 or so "fxill scientific machines" use it and others may 
as well.) V 

- The "repeat function" is mentioned by only one company, 

-Not. tallied: "true balance"; ability to parenthesize; number of 
memory registers; number of constants; f-onctions for which constants 
are available, 

- Rechargeable feature: some companies listed information about power 
sources while others did not, . Only one lis'ted the cost of , sjeparate - 
adaptors. For some calculators, adaptors are included in the sale 
price. 
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Summary of Data from Advertisements 



" . Overall there seem to be five basic types of hand-held calculators 
available: ' * ' 

1. Scientific • 

£• Four "functions with one or two other keys (often %, x- , l/x) 

3. Four functions only (wit^ or without constant) 

4. High-powered business or statistical models 
5 • Miscellaneous 

Table 2 

Types of Calculators' Available from 14 Manufacturers 
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B; Additional Data . * 

Data on prices and features available on 15 models of hand-held 
calculators was reported by Budlong (1972). These data were reorganized 
to provide the price-by-features array provided in Table 3. 
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Appendix B: 

2. Stmnaarized Responses from State Supervisors of Mathematics 

The questionnaire (pages B-IS 'to B-19) was sent to 86 persons 
in the state departments^ of education and to 13 Canadian supervisots 
Responses were receive^ f,rora 65 persons in 33 states and several 
provinces. In two instances, the state supervisor ^sent copies of 
the questionnaire to county or local educational agencies in the 
state, and these responses are collated separately (n=29). 



/ 
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Survey on Calculators 



Sample: Supervisors 



1. Do you believe that hand-held calculators ~ (check any which apply) 
a. should.be available fbr use in every Tinathematics class? — 

^ b. should be used if some students have them? . 

. / ■ c. should only be used if all students have them? 
./ d, should not be used in elementary schools (K-6)? 
/ e. should not be used in sjecondary schools (7-12)? 

f . should be used in the cttassroom but not on tests? 



Comment in relation to your answer: 



2. Should hand-held calculators — 

a. be provided by the school?\ 
^ b. be provided by the child? 

c. I don't believe they shouM be used in schools. 

3. Estimate the use/non-use of hand-held! calculators in, your state: 

number of schools using \ number of students 

number of schools banning 
number of schools studying use 
number of remaining schools 



number of students 
number of students 
number of students 



How do you believe that hand-held calculators should be^iised? (check any. 
which applj) 



a. checking answers 

b. routine calculation 

c . concept development 

d. open exploration 

e. 

~f 7 

__— 

h^ 



(% of thijs use should be: 
(% of thik use should be: 
(% of th±k use should be: 
(% of this use sliould^be: 
(% of this! use should be: 
(% of this use shou^'d be: 
(% of this use sho^ild be: 



(% of this 



use sh 



cji'uld be: 
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5. Which use of hand-held calculators do you feel is most important at each 

of the following levels? _ ' \\ 
\.jqM primary level (K-3) 



b. at intermediate level ;;:,<.4-6) [_ 

c. at jimior high level O-^^k, 

d. at senior high level-. (10-12) ; . 



^7-17RaFli^difications do you believe should be made in the K- 12 curriculum 
■ if /when hand-held calculators. Ire /made readily available.-|:o . students, at 
all times? Star *t];ie three you believe to be mo4^ significant. 
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Do you believe that hand-held oalcrulatovs 

a. -should be cwailabte for use in every mathematics class? 52 
Jb. should be used if some students have them? 22 

c. should only be used if all students have them? 9 

d. should not be -used in elementary schools (K-6)? 8 

e. should not be used in secondary schools (7-12)? 1 
/. should be used in the classroom but not On 'tests? 8 

■no answer 2 
Corrments in relation to answers: 

- Should not use calculators in classrooms unless all students 
have them. 

- Could use calculators on tests where objective is not to test 
computational skills, 

- If goal i^ computation with basic facts, calculator offer's no 
advantage when goal, is to learn which operations to solve 
problems, <!^iscover alternate solutions, check solutions, etc.^ 
calculator \then becomes very useful. 

- Should be available from 3rd or 4th grade up after basic 
f undamental\calculations are known. 

- Not necessar\y for all studei^ts to have a calculator. Should 
be available', like pencil sharpener - for use as needed* 
The use of h^nd-held calculators is both economically and 

. educationall3)i sound. The 'trend is for costs to be reduced even 
further. They will be the greatest asset to the teacher and_ 
student in the math classifoom. 

- Children need \to develpp a sense of number prior to their, use. 

- The use of calculators in elementary schools (K-6) would hinder 
the mastery of \ basic . ccinHpyitational skillSo 

- Pupils should be allowe^^ to use their own calculators. 

- Calculators sho\ild be lieed any time that they would help teach 
a concept. 

- Hope to see more arid mor^ hand calculators in use with, 
intelligent supeWvision ^nd encour.agement o > 

- The' sophistication., of the\ calculator should be consistent with 
the ability of the student^ (e.g. , no need of a square root 
capability for 2Tld 'graders) . 

' There is a real iWsue with regard to the equality of educational' 
X V)portunity where\ the use of hand-held calculators is concerned. 
^ If .hand-held calctklators are to be used in a classroom in a 

district, then all children in that district should have equal 

opportunity for access to themo 
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No Objection to their use' on tests if all students have access 
to them and are capable of using them. Opportunities should 
be found for all students to have this experience/ 
Would prefer to see the student have a desk-type calculator 
with a taps. . 

In time, the hand calculator will become a common item in the 
classroom, especially in the senior high levels. 
There does not have to be a 1-1 correspondence between students 
and calculators 0 Calculators should be used on tests but all 
students do not need to be tested at the same time. 
Available in every classroom for every student but not 
necessarily to be used by all students. The appropriateness 
of using handr-held calculators has to be determined by each 
learner on the 'basis of his understanding and application of 
computational skills. 

The calculator should be used if the teacher is willing to do 
some individual work with students. Possibly through mini- 
courses students who have calculators could better learn their 
applications. ^ . . ^ 

Pebbles-in-the-sand, count-on-f ingers, Napier's Bones, slide 
rule, logarithms - and new electronic calculators. All are 
helps for man's work in math. All have been used in classrooms. 
It's the future, that's all, friends. ^ 
Use should be based upon the objectives of the course. There 
are times' when they could be used in any course. 
Students need to know how to use a calculator properly. 
Calculators should not be used to replace normal paper-and- 
pencil calculations. 

If they are used by a class during instruction, they should be 
utilized on evaluation of instruction. 

Let the choice of using a calculator be determined by the 
learner. 

Should be available on a School or departmental basis but 
to put them in every classroom at this time is an unjusti- 
fiable expense. 

Calculators should be provided by the child because of mainte- 
nance; put 2 or 3 in each classroom for use by those who 
cannot afford their own. 

There are many variables that have to be identified before a 
^100% accurate answer is possible, e.g., has (in the elementary 
program) a material/conceptual approach been used as an 
introduction? 

The teacher should be prepared to build use of the calculator 
into the, math program. Tlriey do not replace the students', 
needs for basic skills but can enhance the learning of them 
if there is planning in the way they are used. 
Preferred response is that hahd-held calculators should be 
available in math classes for use with slow learners in 
attracting and sustaining interest; for special projects; and. 
for verification of results or for rapid determination of 
results. At no time should it interfere with a student's 
learning computational processes or mastery of algorithms. 
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- xh^ mini-calculator has arrived - students have them and if 
prcjip'erly acknowledged in the classroom caji be a great aid in 
understanding, motivation, and applications to problem solving. 
Thiky pose real problems regarding curriculum reassessment. We 
c^'n't pretend they don't exist, nor should we. 

- Calculators can become an integral part of math programs; allow 
fkr extending the math to be taught; allow more balanced programs 
oil all problem solving skills; and even fulfill a utilitarian 
role which is steadily increasing. 

2. Should hand-held oalaulatove 

a. he pvaoided by the school? 56 

b. be provided by the ohild? 28 

c. I don't believe they should be- used in schools. 0 
no answer 4 

3. Estimate the use/non-use of hand-held calculators in your state 
(rounded totals) : 

a. number of schools using: 4,800 number of students 500.000 

b. number of schools banning: 300 number of students 75 .'000 - 
■ e. number of schools studying use: 3,200 number of students 750.000 

d. number of reamining schools: 20,000 nwber of students 7.000,000 

e. not knoiM or no answer: 40 states 

4. How do you believe that hand-held calculators should be used? 



100% 
80% 
75% 
65% 
60% 
50% 
45% 
40% 
35% 
30% 
25% 
20% 
15% 
20% 
5% 



\ 



2% 

no % given 



a. checking 
answers 
7 

1 



2 
4 

1 

2 
1 
2 
4 
1 
7 
3 
1 
28 



b. routine 
calculation 



c. concept d. open 
development exploration 



6 
2 
8 



30-- 



2 
3 
2 
7 
1 
1 
2 

23 



2 

2 

6 
4 
3 
1 
6 
3 

28 
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other responses: 

e) -problhrn solving : A ; (30%) 
motivation: 3 ; (50%) 
V a) tests :\ l ' i (10%) 

routine calculations in higher mai^:_l_ 
i) non-routine calculations : . 1 ; , (20%) 
jV algorithm develoyment: 1 ; (20%) 

W /zm activities: 1_; (1%) 

I) time consuming math t e.g., physics: 1 
m) employment skills :_!_; (10-l5%) 
n) business 'math: 1 

o) student determined: _1 ; (100%) ' . 

p) "real lif^" problems :_2 

q) math recreations^ 1 
r) rtiffrtber theprif: 1 
s) statistics: 1 

t) use in soignee: 1 ^ 
u) directed discavery: (15%) 

v) garhes: 1 ' ■ ^ 

\Lich use of hand-held calculators do you feel is most important 
each of the following levels? 



motivation 

checking answers 

probl&n solving 

ea^plorhtions & discovery 

alternate solutions 

real life problems 

long calculations 

enrichment 

concept development 

routine d^lculations 

science \ 

op erati on \ order 

estimdtioi\ 

algorithm ^'development 
decimal mArieration 
number patterns 
employ able\ skills 
determined', by student 
full use 
math electives 
reinforce basic foots 
properties- of nwribers 



of no 'use 
no answer' 



pm-mary 
(K-3) ■ 
\2 
13 

16 



9 
3 



2 
1 

1 

2 



intermediate 
(4-6) 
4 
26 
2 
20 



1 

1 
16 
10 

2 
1 
1 
3 
2 



1 
2 



junior h. 
(7-9) 
2 
22 
6 

. 18 
1 

2 

1 
12 
24 

1 . 



2 
2 

1 
6 
2 



senior, h. 
■ (10-12) 
3 
10 
9 
19 

' 1 
5 

5 

27 
4 



10 
19 



5 
16 



2 
8 



1 
1 
1 
8 
-4 



2 
7 
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What modifiaationsj do you believe should be made in the K-12. 
au^riaulurn if/phen hand-held aalculators are. made readily avail- 
able to studhk-^ at all times? Star the three you believe to be 
most signifitiant, ■ 

' -^More emphasis problem solving. n-lO 

:-\^phasize decimals and/or earlier introduction of decimals. 
i-18 

4 Ecd^h^size estimation. n«ll 

- Lesk;^ time spent on computation; more time on concepts. 

« More ^phasis on approximation in measurement and study of 
round-bff error. n«=4 » 

- use df calculator for "real life" or practical, realistic 
prpblems . n=13 / 

- Work with sequences, limits, maximums and minimums. n=3 

- More 'emphasis, on algorithmic process. n=2 

- Integration with other disciplines. (science) and more varied 
math' courses (number theor;^'-5ta^istics) . n-15 - 

- Strengttieriing of fundamental sk:|Llls. ti=6 

- Open exploration encouraged. « i^=5 

- Flowcharting technique. n=3 / 

- Don't 'modify on elementary and/or secondary level. n=6 ^ 

- Use for checking. n=2 
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Other Respondees 



Bo you'believe that hand-held calculatora 



a. should be aoailable for use in every mathematics class? ^ 9 



c. should only he used if all students ha^)e them? Q , 

d. should not he used in elementary schools (K-'S)? 18 

eo should not he used in secondary schools (7-'12)? 6 . 
/. should he used in the classroom hut not on tests?^ 7 

no answer 1 
Should hand-held calculators 
ao he provided hy the school? 11 
h. he provided hy the child? 7 

Co I don't helieve they should he used in schools. 9 
no answer 0 

Estimate the use/non^-use of hand-held calculators in your state 
(rounded totals): 

ao number of schools using: 98 nuniber of students 2,625 

b. number of schools banning: 2-3 number of students 2.500 

c. number of schools studying use: 54 nmber of -students 60.000 

d. number of remdining schools: 176 number of students 89.244 
eo not known or no answer 16 

How do you helieve that hand-held ccZculators should be used? 



h^ should he used if some students hao'e them? 4 



100% 
90% 
85% 
80% 
65% 
50% 
30% 



a. checking 
answers 
2 
1 



2?. T^outine 
calculation 
1 
I 



Co concept dx>. open 
development ^ exploration 

1 



1. 



2 
1 
2 
1 



1 



2 
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5. 



6. 



a. chea] 
answers 



25% 
20% 
15% 
10% 

5% 

5% 

no % given 




b, routine 
aalaulation 



I 

10 



1 
7 



a, aonaept 
development 



2 
1 



d. open 
exploration 
1 
1 
1 

1 
1 
7 



other responses: 
e) math labs: 107. 

Which use of hand-held calculators do you feel is most important 
at each of the following levels? 



checking 

exploration' & discovery 
concept development 
routine calculations 
full use 
math etectives 

of no use 
no answer 



primary 
(K'Z) 
2 
4 
3 



8 

10 



intermediate 
(4-6) 
9 
3 
3 
4 



6 
8 



junior h. 
(7-9) 
14 
4 

^ " 4 
6 



2 
5 



senior h. 
(10-12) 
9 
8 
5 
11 
1 
3 



What modifications do you believe should be made in the K-12 ' ^ 
curriculum if /when hand-held calculators are made readily avail- 
able to students at all times? Star the three you believe to 
be most significant. / 

- liore emphasis on problem solving. n=3 

- Employing estimation. n=l 

- Less time on computation; more time on concepts. n=2 

- Work with sequences, series, limits. n=I 

- Integration with other disciplines and math courses, n=2 

- Strengthen fundamental skills./ n=2 

- Open exp-loration encouraged. fa=2 

- Use for checkings n=2 j ■ ■ 

- Don't modify. n=7 
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Appeiidix B: 

3. Summarized Responses^ from School Personnel 

The questionnaire (pages B-28\ to Br30) was sent to 32 teachers 
and 26 other school personnel; resAonses^ were received from 16 
teachers and 16 -others, in 20 states. 
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Survey on Calculator^ 



Sample: sdhool personnel 



/ 



1. Do any pupils iri your school (s) use hand-held calculators in classes? 

Yes If V^s, please answer questions 2-11. / 

No If no, please answer questions 12'-'15. / 

- • ' .' 

2. Who provides the hand-held calculators? 

. a. Pupils/parents (approximate number: 

b. School/school board 

Mantif acturer: . 



Modey 

Numbrer purchased: " When ? ^ 

Are you pleasecjwith this selection? Yes [ 

Why or why not? ] [ / 



No 



[Use reverse 
side of this 
page if — 
more than oni 
type purchase 



^How was the decision to provide hand-helJ calculators reached? 



c. Other suppliers — please specify: 



3 In what subject areas are hand-held calculators used? (check any which ^pply) 

# 1 

a. Mathematics * 



b . Science 

c . Business education 

d. " Other ~ please specify: 



4. Are hand-held calculators used — (check one) 
a. only in classes? 

b. only on tests? 

c. both in classes and on tests? 

Is the policy on the use of hand-held calculators determined by — (check one) 

a. the individual? 

b. the faculty as a group? 

c. the principal or other administrator/supervisor? 
• d. the school board? 

\ . . •- 

6. How many students are in your school (VX? ^ 
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7. What siiggestions do you have for those who are selecting a hand-held 
calculator for school use? 

[ 



8. What security measures are used to protect school-owned 4iand-held 
calculators? 



9. What is. the attitude of the majority of parents (public) j in your district 
about the use of hand-held calculators in the schools? \ 



a. favorable 

b. unfavorable 



WhV? 



c. controversy, but 
d. no reaction 

10. How do you believe that| 
that apply) 



no clear majority 



hand-held calculators should be usdd? (check any 



a. checking answers 

b. routine calculation 

c. concept development 

d. open exploration 

e. [ 

f. 



8- 
h. 



(% of use should be: 
(% of- use should be: 
(% of use should be: 
(% of use should be: 
(% of use should be: 
(% of use should be: 
(% of use should be: 
(% of use should be: 



11. Which use of hand--held calculators do you feel is most important at each 
of the follovfing levels? 

a. at primary level (K-3) ^ — .. 



h, at intermediate level (4-6) 

c. at junior high level (7-9) _ 

d. at senior high level (10-12) 



IDG 
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12, Why are hand--held calculators not used in your school (s)? (check any 
which apply) ^ 

a. Their use is banned or prohibited. By whom? _2 

b. No child or teacher has expressed interest in using hand-~held 
" calculators in school. ; \ 

c. The question has not been liaised. 

* d. jHhev'— please specify: _[ . : 

_\ ^ . , - 

13. How many students are in your, school(s)? 

1.4. What do you feel are the best reasons for not using hand-held calculators 
in schools? 



15. 













^ : — 






Do you foresee any 
for doing homework 

^; 


problem(s) if^ students use 
(out of school)? 

\ 


d hand-held calculators 



1 
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Do araj pupils in your schooUs-J use hand-held calculators in 
classes? i 



Yes: 22 
THo: 10 



[Answered only questions 2^11' J 
(Answered only ques^ttons'^lZ-lS.) 



Who provides the hand-held cataulatore? 

a. Pupils /parents: 10 

b. SchoQl/school board: 17 



Fleas ed 



Manu tcaturer 


Model 4 purchased 


Wnen 




Jes 


. No ' 


Texas Instruments — • 


11 


Spring 


1974 


X 






SR-50 


2 












2500 


30 












2500-11 


30 


Mar^Oi 


1975 


X 






SR-10 


16 


1974 










1500 


1 










Casio ' 




/16 


/ 1974 


1975 


,x 








240 


May 








personal mini 


1 


June 


1975 


X 




Bomar 


MX-50 


30 / 


Sept. 


1973 


X 




Cprvus 


401 


30 


Feb. 


1975 


X 




312 


30 


Oct, 


1974 


X 




Adler 


805 NAD & 














815 NAD 


198 


April 


1975 


too soon 












to tell 


Sharp 


ELSl 8101 


35 


1974 


& 1975 


X 




ELS I- 8; 801; 














EL 122; 8002' 


8 


\ 1972 


& 1974 


X 




RES 


Mach-II 


\19 


Oct . 


1974 




X 



Why or why not pleased? H<x) was iJte decision to provide hand-- 
held calculators reached? j 

- TI 2500-11; replaceable /battery proved to be better ^han 
rechargeable battery wh^re battery could not be replaced 
without soldering; decilsion to use as part of NSF problem 
solving oroject / 

/108 



- tl SR-10; not pleased because prefer TI 11 or HP 21; no infor* 
matlon on decision. 

- CASIO 8M; have been trouble free to date; decision reached 
by teachers and administrators. 

^ - CASIO; siems durable; decision reached through acceptance of 
a proposal for use In two districts. 
-CASIO-personal mini; works well except doesn't have adaptot; 
decision reached by 6th grade students who decided to spend 
class money for one. ^. . 

- BOMARMX-50; seems sturdy > minimum of malfunctions > four 
calculation processes available on all machines^ handled all 
math pecessary f6r Grade 6; decision reached from pilot program 
by State Education Department. / 

- CORVUS Mode 312; have had good service during one year'sv 
use; decision In relationship with a Math-Lab set up with 
Title II and III funds, 

^ CORVUS 401; service free> serves instructional needs of a 
program; decision reached , through proposed research 
project and cooperation of participating schools. 

- ADLER 805 NAD and 815 NAD; too soon for evaluation; decision 
by Secondary Math CurrlculUim Committee made up of department 
chairmen for grades 7-12.. 

, --■ - 
■ \ . . . . ' '\ ' 

- SHARP ELSI 8101; has good capability and have had excellent 
" service; decision reached by department Heads 

-SHARP ELSL 8, ELSI 801, EL 122, EL 8002; dependable, 
reasonably inexpensive, have very plain display panels, 
good si»e keys, simple to operate, and well built; decision 
by Title III mlnlgrant to math lab school and by principal. 
, - RES Mach^ II; don't stand up. . 

c. Other suppUers: Commodore; Accutron; Ardvark; HP 21, 35, 45; 

Disl-matic; Rapldman 1212; Rapid Data. Systems. 

In what subgect areas are hhnd-held calculators used? 

a. Mathematics: 22 . J 

• ■ ' . 
2?. Science: 10 

c. Business education: 5 

d. Other: 3 
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4y Are hand^held calculators used — 
ar"&rt2j/-^n clas&eQ? 14 

b. only on testa? 1 > | 

c. both in classes and on teste? 10 - 

£• Is the policy on^ the use of hand^held calculators determined by — 

a. the iTidividual? 11 

b. the faculty as a group? 8 , 

c. the principal or other administrator/siqpervi&oT? 2 \' 

d. the school board? 1 

6. H^ot^'many students are in your schooKs)? 
/total number of students in schools: 971,781 

7. What suggestions do you have for those who are selecting a hand-- 
held calculator for school use? 

> Batteries should be type-that can easily be replaced. Heavy use . 
was too much for non-replaceable, rechargeable batteries/ 

- Teachers and '"Students prefer larger display of Monroe over Texas 
' Instruments, 

- Percent-key of little value, if any. 

- Logic' tff! Texas Instruments is best; Monroe does not have \ 
appropriate logic, however students (4-6) adjusted easily and 
did not complain. 

- Get all ^teach'ers involved in tthe selection. * - . . 

- (a) rechargeable or not (non-tiechargeable seems best) 

(b) type of batteries used \ 

(c) crystal display , _ 

(d) trade-in value after one month 

(e) can dust get in machine 

(f) are batteries separate from rest of machine 

(g) number of digits in readfout ' ' 

- Make clear agreements with suppliers about replacements. A 
system should be set up in advance so that when breakdowns'" 

< occur, the company will immediately supply a replacement. 

- Overflow indicator. / 
. - Clear entry key. / 

r- Quality, desirable case (especially for grades 3-8). 

- Functions for grades 9-12: a^, trig and inverse functions, 
exponential notation, M"*", M", indicator for memory, parenthesis. 

- Operable on both AC and DC. 
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8. What security measures are used to protect schooUawned^ hand- 
held calculators?. 

- Each teacher responsible for his own calculator. 

- Make sure if loaned out, it is checked in each period. 

- Some are secured, while most are on a check-out system where 
they all have to be turned in before any class or child leaves. 

' - Locked cabinets with r,echarging plugs inside. Preferably in a 
room where units are used. as opposed to a hallway facility 
(closet) . . ^ 

- All calculators have a school number and name engraved on the 
back.- Calculators are left in boxes of 15. Calculators are 
checked, out in numbers of 15 or 30. One teacher is in charge 
of locking them up each evening. 

- Attach to a board; if possible, pair so students sitting 
opposite each other could use them. 

- Assign calculatqrs to individuals. 

9i What is the attitude of the majority of parents (public) in your 

district about the use of hand'-held calculators in the schoole?__ 

a. fauordble: 9 ^ • . 

b. unfavorable: _1 Why? Community . is still pretty traditional. 

a. controversy J but no olear: majority: 2 

d. no reaction:' 8 



10. How do you believe that hand-held calculators should be used? 

^ . - a. checking b. routine c. concept d. o^^en 

. answers, calculation . development ^ exploration 

100% 2 
80y^ 

e(h_/ , 1 

50% 1 

45% ' ■ 1 
40% ■ 

■ Z0% 1 
25% 

20% . 3 

15% 1 

•• 10% 3 
5% 

no % given ? 
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other responaea: 

e) problem ^solving (10%, 20%, 35%, 100%) 

f) integrated aurriaulm (25%)^ x. 

g) estimation (100%) 

h) use in place of tables (20%) ; . ' 

i) remedial work 
q) consumer topics 
k) career math 

I) research 
mh games (5%) 

11. Which use of h^nd-held calculators do you feel is most important 
at each of the following levels? 



checking answers 
r outline calculations 
concept development 
open exploration 
problem solving 
widen experiences 
long calculations 
number development 
estimation 
r medial work 
research 
full use 
little or no use 

^^no ans. or opinion 
•^12. Why are hand^held calculators not used in your schooKsJJ? 

a. Their use is banned' or prohibited. 0 By whom? . 

b. No child or teache:^ has ^expressed interest in using hand-^held 
calculators in school. 1 

c. The question has not been raised. 4 . 

d. Other. \ ' /- 

- There have been some ordered for future use. j 

- Lack of funds to provide calculators to students. 

- A few will be provided for the 1975-76 school^year. 

- Only certain individuals have expressed the desire to use 
them and they have been purchased by these individuals. 

- We prefer desk models which can be locked in/ place. 

- We do not want the problems associated with /batteries and 
recharging units. " ■ ' ^ ■ ' ' 



primary intermediate junior high senior high 

(K-3) (4-6) (7-9) (10.-12) 

~5~ 9 6 5 

4 8 9 

6 7 7 , 7 

9 9 6 7. 

3 1 2 

1 1 - 



1 1 

- 1 

- 1 1 

2 2 2 3 

3 - - ' 
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Teachers have discussed the possibility but no requests have 
been made » 

13. How many students are in your school(s)? 

Combined number of students in all';schools responding: 225,350. 

14, What^ do you feel are the best reasons for not using hand-'held 
aal(pxlators in schools? , 

- pirhaps availability of hand-held calculators would inhibit 
stttident learning of tables of number facts. Perhaps it would 
mi].ltate against students developi^g ability to do arithmetic 
calculations or estimations metital^y. Perhaps it would make 
students too cjependent on a mechanical computing aid. BUT 
on balance, I feee, the advantages hand-held calculators 
outweighing the disadvantages. i 

- If students fail to learn basic mam when they are capable of 
achieving mastery without the calculator, use of the latter 
should be restricted. Total dependence on the calculator 
should not occur. \ 

- We do not want the problems asjsociated with batteries and 
recharging, units. We do use small ;desk calculators. 

- Cost. 

- Some students would tend to depend on calculators instead of 
learning basic facts in mathematics. 

- Who will be able to use them and when? . It would be difficult 
to provide everyone with a, calctilator when he needs it (or 
wants it)o Too expensive for the school systenl to jpurchase. 

- None. I feel hand calculators would definitely be anasset 
in class. ! 

- Non^. I think it's about time we began and I- think th^y will 
soon be usedo - 

- I have non^. We have been operating on a reduced budget and 
could not afford them.- - ^ ■ 

- Too costly to provide one for each student. 

IS. Bo you foresee any problem (s) i£ students used hand^-held calcu- 
lators for doing homework (out of school)? , 

- No. Supply of calculators in an elementary* school presents 
problems: initial cost, possibility of theft, difficulty of 

i gettiiig all students to supply their own, and not least 

important - the P.R. problem of convincing parents that their 
child/en will learn how to cpmpute more effectively if they 
.jhave calculators than if they do not. 
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No'^ unless the calculator is not accurateo Students who 
cannot achieve mastery ; should be permitted to use calculators 
both in school and at liome. 

The response would be 4ependent upon the lev^l,: computational 

skills-yes; advanced mathematics-no. 

Depends on purpose of work. , ; 

No! ' ' • 

Possibility of not learning the processes and it certainly 
will be necessary to do i "manual" calculating at times so it 
must be learned. Danget of loss of school calculators if 
they are taken home. 1 ; 
Students would possibly (be unaware where or ^hy they had 
mistakes. 1 

Yes, in the area in whic^ I teach, however, they might 
disappear! , \ 

No! , > - ! ■ • 

No. I think it wpuld fr^e the student of long calculations 
and provide them more tin^e to concentrate on theory. 



114 



/ ■ ■. . ,' B-38 . ■ " ■ 

■ I - ■ . 

/■ ■ ■ 

<: . Appendix B: ' 

4|1 Summarized Responses from Teacher Educators 

^ |- .. 

. / - , • .■ • 

The /questionnaire (pages B--39 to B^40) was sent to 87 teacher 

educators responses were received from 78, from ,,39 states. 

Responses \o questions 1 and 2 are not included, since these 

Questions Jere asked only to generate names (the school personnel 

1 ■. • • • 

questionnaire was sent to all those nained) . 

\ 

X 



\ : 
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Survey on Calculators 



Sample: teacher educators /developers 



1. Are you aware of schools or teachers who are banning the use of hand-held 
calculators in the classroom or during tests? 



Name 


Location 


/Contact 
person 


everywh 


Ban 
ere 


ning 
classes 


tests 
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3. What do you consider the three inost compelling argumenp/ £or ithej kise Pf ^ / / • 
hand-held calculators in the classroop? / , ' * / \/ ; ihi f / 



4- 



T 



4. What do you cons i,iier the t-hrPP mopt/ compelling /^rgum^nt'^ jEor 'tWe bamjijng 
of handr^'held calc/ulators in the qi^ssrqom? j v i / / / ' , 



- -L- 



4- 



5. As an expert ijn mathematics education, (^hat recomm^ndatioii^^' ^ould yqu gd^vp , 
to elementary 'and secondary schools regarding;, the jlise .of |^an^^^ 



today? 



ERIC 
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6. V/hat modifications do you believe should be made in the K-12 curriculum 
if /when hand-held calculators/ are made readily available to students 
at all times? Star the three/ you believe to be most significant. 



7. Assume that ^ school system (K-12) has moved to widespread use of hand-held 
calcL'j-ators^throughout the curriculum and testing program. React to feach 
o£ the follofwing in ^ucW a framework 



True 



ial 



a. The maichematics curriculum would heed to be modified 
exjLfens/ively . 

b. /We mathematics learned in elementary schools would be 
■ sii^ghif leant ly less. " ' . ^ 

c; Students would no longer remember the basic fj^Cts. 

f . ■ 

d. P-arents would strongly oppose such wide^pl'ead Use of 
)r hand-held calculators. 



e. Elementary teachers would not^ju^e hand-held calculators 
, ' during mathematics lessons^"' 

/f. S'tuderits would ho longer have an appreciation for concepts 
/ ^uch:;,.^s negative integers, fractions, square roots, etc. 

g. Fraclt;ions will no longer .be taught in the elementary^ school. 

h. Students would improve in the ability to estimate quantities, 

i. Students would improve in the ability to solve problems, 
j. Students would lose . interest in mathematics. 

k. Students would become lazier than they are. 

1. Students would lose confidence in their ability to handle 
numbers. 

m. Students would have a greater unders^:anding of .concepts 
such as square root, negative integers, fractions, etc. 

n. Students would gain understanding of the decimal system. 

o. Students would gain interest in arithmetic. 



ERIC 



OSU/MNS-5 
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3. What do you consider the three most oompelling 'arguments for the 
use of hand-held qaloulators in the classroom? 

- More attention can be given to problem solving and to estimat- 
ing answers. 

- More attention can be given to geometry, probability, graphing 
....-'and number theory. 

- XXX 

- They are here to stay and are part of one's everyday exper- 
ience. 

- Their practical use in computation. 

- Their use as a motivational factor. 

- "Flexible Answer Key" cpncept. .\ 

- Resource tool which p^roxnotes student indepipndence. 

- Encourages inquisitive and creative experiifientation. 

- If properly used, they can facilitate concept development. 

- An asset in teaching problem solving. 

- A much more efficient tool than slide rules and should mak^ 
the slide rule extinct. 

- Saves time in tedious calculation. 

- It m^y well free the student to explore in areas in which 
calc'ulation might discourage him. 

- xxx * 

- They serve as an aid to calculation allowing more realistic 
mathematical examples to be used. 

_ They eliminate the need for as much time spent in rote memori- 
zation of facts and skill development. 

- .They are here. To ban them is comparable to insisting on 
memorization of facts in a reference book. 

- To compute "partial sums, products . . in learning algo- 
rithms. 

- Reinforcement in basic fact drill activity. 

- Reduce computational, "load" in problem solving. j 

- They are available; we must cope with their existence. 
' - Reinforcement after "student" computation. 

- Uge in problem solving to minimize computation, aspect . 

- They give correct answers. 

- They are and will be available to- educated people. 

- They allow us. to do more and know more than otherwise. 

- Motivation. 

- Problem aiid answers not otherwise possible. 

- Time, efficiency, accuracy. ' ^ 
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- Their availability. 

- Their usefulness as an aid in solving problems. 

- Their use in generating mathematics thinking, i.e. patterns, 
functions, operations, etc. 

- It removes some of the "pressurias" of computational problems 
during problem solving. 

- It might generate some interest in mathematics and improve 
attitude. 

- It might make the . classroom situation more realistic to some 
students. 

r 

Save time. Why do all of the work by hand when a machine can 
do it faster. 

- In the near future many of us will be using calculators daily 
so now is the time to teach their use. 

'/^ Convenience. 

- No real need to' be able to perform tedious calculations;, but 
should know how to perform them. 

- Hand calculators enable students to e2q)lore-^ problems and 
situations not accessible otherwise due to 'complicated or 
extensive calculations needed. 

- Very motivating and a very real part of our current techno- 
logical society. 

~ They are now readily, available and cheap. . 

- Some studies have indicated improved learning of mathematics 
and arithmetic skills. 

- More and better mathematics could be taught with use of cal- 
culators. 

- They permit independent investigation ' of many problems more 
easily. 

- They eliminsite teiaGhing of calculation so that more attention 
can be given to the ideas involved. 

- They pern^^t problems to be more interesting because the arith- 
metic need not interfere. 

- Speed ai>i accuracy. 

- They make it easy to test £t>rmula, e.g. tjo get a feeling for 
the variance of skewed distributions. 

- xxx- 

- They teach the capability of calculators r 

- Develop a positive attitude. 

- Can be used to teach flow charting and related logic. 

- They "can enable students to handle larger and more complex 
problems. - - • . ' 

- They are widely used in society and readily available. C 

- The remedial student who is poor in arithmetic can go ahead 
and experience success 'in mathematics^^.' / 
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'\ 

I view this as a function of -level-^arg^ument for lower grades 
(e.g. develop basic addition and/or multiplication facts), may 
not be appropriate later, / 

One that would cross all levels would be allowing students to. 
concentrate on problem rather than on skills needed to solve 
the problem. 

XXX 

Fre^ student time to concentrate more on mathematics, less on 

arithmetic. \ 

Redirect student attention to more significant aspects of 

problem. 

Speed and accuracy. 

They are becoming a reality of life; persons will have them, 
•so should know how to use them. 

Permits student to look at structure of mathematical opera- 
tions without arithmetic getting in the way. 
Motivational factor. 

They help- — phony not to have them. 

Enable one to consider more kinds of problems, data, sitt^a- 
tions. 

No one has the percentage of accuracy that a calculator has. 
May aid understanding of math ideas .if /^ised properly. 

Calculators will be commonly available in 10 years or less. 
Speed' and accuracy of solutions. 
Good motivational device. 

Their use might help to shift the 'elementary curriculum from 
an almost total preoccupation with how to compute to spending 
more time on when and why one computes. 

XXX ' . , 

XXX 

Reference. 

Opportunity to assign more complex calculations in problem 
solving, etc. 

Positive affective chajiges in kids. 

Can solve more realis^fcic problems. 
Saves time froiii ardudus computation. 

Student can concentrate on aspects of problem solving. 

You can do more sophisticated , realistic mathematics without 
^being limited by substantial arithmetic. 

Encourages esti-ma^tion. . . 

XXX 

Ease of computation. 

XXX , ' - 

XXX r ' 
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- Checking answers. 

- Enrichment. 

- Develop interest in and encourage use of mathematics. 

- Make Calculations easy. (The only argument.) 

- XXX 

- XXX 

- Permits students to ocus on the content of problems rather 
than* the calculation!:, involved. \ 

- Calculators are motivating for' children. 

- Calculators are (will be) a pai2t of adults' experiences. . 

- Their use may lead to improvement in math skills and concepts. 

- Their general use in society, i.e. engineering, business, etc. 

- Their ability to do rapid calculations which decrease errors 
and permit additional work. ^ 

./■ 

- Enlarge the number and kind of problems which can be solved 
and to help students keep their minds focused on their problem- 
solving technique^r. . ' 

- Aid in the development of concepts. 

- Aid in graphing "interesting" functions. 

- Experience with them can be a lead-in to computer work. 

- There are a couple of high school course':, statistics and 
ca.lculus, where there is enough computation that they could be 
useful. . V 

- One could utilize them to teach better organization of compu- 
tation. 

- Part of today's world. 
Help^ child's understanding. 

- Places emphasis on estimation. 

- Motivation. 

- A useful skill in itself; hel^ps .students add long sums, as in 
business and accounting. 

- Illustrates ther usefulness of numbers, etc. " \, 

- In the "real world^' virtually- all arithmetic is done by cal- 
culators . • 

- Emphasizes problem solving and planning rather than manual com- 
putation. 

Extends- the range of computations which are "reasonable" in 
given time. 

't 

- Efficient and rapid for "mechanical" aspects of math. 

- Will use in later life ("social utility"). 

- To learn other math concepts with time saved. 
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They are availabl^ and can't be avoided. 
They can be a mot/Lvational element. 
They capi serve tj reinforce concepts. 

It is an efficie^nt way to compute. 

They will be usfed throughout life. . 

XXX 

a* 

Motivational for the slow and average who . experience frustra- 
tion in computation- 

Students will learn some of the. number facts by constant 
repetition on iihe calculator.. 

Immediate check on student paper and penqil computation 
instead of Waiting for the teacher. ' 

/ , ■ ' 

Relieves child of frustration when unable to compute accu- 
rately. ^ 

Allows the slow child to go on while working on these skills. 

XXX 

To free us from laborious computation. 

XXX / 

XXX /. .. ' 

When Appropriate, it allows student to focus on principles (a 
la Ga^ne) without great, worry over computation and without 
undu^ fatigue. 

XXX / 

XXX , , ' 

Ea^ytime doing simple calculations so that more material or 
\xiiher ^material can be developed. 

>rpvid£v reinforcement of basic facts and algorithms.' 

^xxx 

/ ■ ■■ ■ ■ 

q'an solve problems without confusion/mistakes during computa- 

ition. . ' 

^lelief from tedious computations. 

Improvement in accuracy. 

'Less time would be spent on paprer and pencil drill. 
Greater speed and accuracy in computation should result. 
More time and a means would be available to develop greater, 
understanding of concepts. 

Emphasizes conceptual development. 

Technology will eliminate need to memorize basic facts. 
Speed of processing and valume of v/ork will demand it. 

Takes the "worry" out of' arithmetic. 



XXX 
XXX 
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- Use of reajllstlc problems. 

- Emphasis on algorithms . 

- Freedpm from computation in problem solving, 

- They ..eliminate the tedium of computation in situations in 
which the problem analysis is more important than the computa- 
tion. ' ^ 

- Provide immediate feedback. / 

~ Use. represents reality in commercial and industrial situations. 

-They are here, students have them, it is silly to say we can't 
use them. ^ , ^ 

- They are a useful tool'; it is up to us to find ways to use 

them. 

- They ppen new doors to , problem solving. 

- Saving in time, i.e. will tackle much more involved problems 
with larger numbers. / . 

- Student ;is more apt to get overall perspective on problem; can 
concentrate on operations. . 

- Motivation. - ' 

- Problem solving not inhibited by tedious computation. 

- Understanding of use arid limitation^ of algorithms process. . 

- As with most machines, it relieves the user of the drudgery bf 
work (computation) to concentrate on the aspects so man's mind 
caxi: be best used. 

- It is logical that we should use the most effective means of 
teaching whatever it is we are tieaching.' The ultimate aim is 

,to t^ach problem solving skills. Let's get with It and use 
the feasible technology that is available at reasonable cost. 

- Telling students they cannot use a calculator is like telling 
a teacher* that movie projectors, overheads, tapes, TV, etc. 
are not appropriate aids for teaching, or telling a doctor 
that the myriad bf technology available is not toi^e used. 

- Student can learn to use arithmetic; tielpful to those who do 
not know their number facts. 

- Motivation — students enjoy using calculators. 

- Learning to operate *calculator3 • 

- Reduce the need ior hours of drill on '*hard" tiiath operations 
such as 3d x 3d multiplication and long division. 

- Speed computation in high school classes, such as "trigonometry 
and analysis. 

- XXX * 

- Realistic problems without tedious computation. 

- Recognition of algorithmic procedures. 

- Facility of considering greater variety of materials. 
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Attitude. 

Understanding of algorithms. / 
Problem solving capabilities . - 

Student interest. 

More and a wider range of problems could be undertaken in the 
senior high school courses. 

The hand-held computer is becoming widely used". 

By-pass awkwaM computation to do true analysis and problem 
solving. 

To do "on the spot" exploration of mathematical ideas. 
To do real-life problems with realistic numbers. 

Students can concentrate on non-computational concepts. 
More advanced examples can be used. 
Students enjoy using them. 

•-They are available (kids* will all have them). 
Aid to problem solving. 

XXX / ^ 

Allows more "real" problem work. 

Hakes discovery and verification more easy and/or pos&ible. 
Illustrates and reinforces concepts of approximation, error, 
.round-off. ^ 

Until we have some data on the effects of calculators, any 
opinion is baseless. So I have no opinions, suggestions, or 
recommendations. 

XXX 
XXX 

Problem solving where algorithmic skills are not the learning 
objective. . . < * 

Motivation. 

XXX 

Motivation. 

Makes mathematics more accessible as a tool. 
Can aid concept learning. 

Can be an aid and an incentive for learning more mathematics. 
Low cost and availability, along with usefulness. 
An aid in solving significant problems that couldn't be dealt 
with otherwise. 

Training in their use. 

Increased range of problem-solving situations. 
Motivation for computation practice. 
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Less 'time would be spent on paper and pencil drill 
Greater speed and accuracy, in coinputation should > 
More time and a means ;wbtild be available to develop grea 
understanding of concepts. 

Highly practical • 

Leads to essentially error-free computation. 
Avoids much frustration among., slow learners. 

Potential for exploring algorithmic'' processes . 
Fast computation. 

Examining simple arithmetic relationships. 

To get "bomputat ions for solving problems of greater dep 
As part of future culture! \. ' 
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r>J/hat do you consider the three most compelling arguments for the 
^harming of handr-held aalaulators in the classroom? 

- I can think of none. 

- The usual reason given is that students would not learn the 
basic facts. (I do not go along with this reason.) 

- XXX 

/ ' • 

- None — if used judiciously and not as a > replacement for skill 
^^""development . 

- XXX ' , 
. - XXX 

. • / 

- Lack of mastery of basic facts. 

- XXX , 

- XXX 

- Error prone. " 

- XXX 

- XXX 

• ... ' 

- One shoul4 be able to do common algorithms with skill and 
speed. ' \ 

~ XXX . . " ; 

, XXX f ^ '.V ; \ 

- I don't consider any to be compelling. The major argument I. 
hear is that kids still neeci to have the skills in arithmetic 
computation. Mainly, I think this is based on a fear by teach- 
ers that their old ways of testing kids wi^Ll no longer work. 

- XXX / ' 

- XXX / 

- When used as a substitute for learning arithmetic' processes. 

- XXX ' 

- XXX , , 

- Could become a "machine crutch" befor'^^ concept mastery is 
'established (dehumanizing). V 

- Unfair to classes of students from low economic area distric|:s. 
" Expensive, in general^ if implemented on an educationally ^ I 

reasonable basi^. 

- Not everyone can buy one so it is unfair to allow anyone to ; 
use them. i 

- XXX 

- XXX ' 

•■ ■ I 

- students won't learn basic facts, especially if introduced too 
soon. 1 

- Not all students can afford one. 

- XXX „ 
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The possible misuses that could be made of them • . . teaching 
how to- use a calculator in lieu of teaching mathematics. 

XXX 

XXX ' ' 

It might diminish the basic skills for students when not 
iiandling the calculator • 

it might cause a dependence upon the calculator. 

It might put undue pressure on parents to purchase calculators 

for their children ^ 

Overuse. If student hasn' t achieved competency in addition, 
subtraction, etc. without machine, he may never do so. 
Because of cost each student won't have access to a calculator 
. . irj-l should be treated equally. 

Cost . . . it's not fair that some have calculators and others 
do not. 

Students will use, calculators as a crutch and won't learn how 
to compute. ' . 

Just another tad that will pass. 

Too expensive for the benefit derived from their use. 

Unprepared teachers could teach the wrong things, e.g. compul- 
sive skill emphasis. 
Need for more of a research base. 

■Prospect of investing in very cheap machines which would not 
last. 

In lower grades students may fail to master the basic facts. 
Students may not master the four basic algorithms. 
Encourage mental laziness. 

Cost. 

Availability — the calculators differ greatly. I have seen 
some which do not even accumulate products I 

XXX ' 

Some students cannot afford them and in some test situations 
they are placed at a disadvantage. 

XXX 
XXX 

.1 have no arguments for banning their use. There may be times 
when their use is banned, i.e. develop mental arithmetic 
skill. 

XXX 
XXX 

Lack of availability. 

'XXX . . ^ V ~ 

XXX 
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Children won't be able to compute accurately. 
Students will depend too much on calculators. 

XXX ' V , ' ■ ' 

Some students cannot afford them nor can the schools afford to 
supply them. 

Some students witli physical problems will have difficulty. 
It is questionable what trie benefits will be (testing). 

Students might ^use them when you wish to check their compu-ra- 
tional abilities. ' . ^ ^.^ 

XXX ^ . 

XXX , 

They are pretty useless except in a very few coUrsesi - . 

A few stij4ents might not learn 'to Compute. 

As. a distracting toy, they might interfere with learning. 

"Cost, ^ ' ; 

Not integrated' into program yet. . " 

Not yet understood. 

None, except when students are being tested on the ability to 
calculate, . . r 

XXX " • 

XXX 

Child can't always, have it with him. 

If one can '^t 'compute, one won't know when it's malfunctioning. 

XXX ; * 

Misused by teacher and child (prior to understanding of con- 
cepts and computations ). 

More available to those Vho can afford calculators (inequal- 
ity).^ 

XXX 

Teachers will avoid teaching computational processes with 
und er s t and ing . 

Expense (anci possibly rip-off s) . 

Psychological impact of the calculator aa a crutch. 

Children tend to not learn computations and algorithms. 
Expense. 

XXX 

Price. S'ome teachers feel that either all or hone should have 
the calculator. t ^ 

Calculator does not meet the ne^ds of all mathematics .in- the 
classroom; for, example, computation with fractions. Students 
may forget the classroom algorithms for the various computa- 
tions. 

XXX 
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Students will become dependent on them; will become lazy. 
Will noti^ develop the same computational skills. 
All stucients may not be able to afford one. 



Student 



becomes over reliant. 
The valijiej is unknown. 

XXX 



- ComputatlLonal skills will decrease (don't feel this is valid). 

- Knowledgb of basic facts will fade (might be true). 

- XXX Y ■ ■ 

- Students may not learn their number facts and algorithms. 

- Students may learn the buttons to push but not understand the 
process. 

- XXX > ''■ ■ 

- None, other than on tests in elementary. 

- XXX 

- XXX 

- All students must have equal access to calculators. ' 

*- Rapidly changing technology with resulting changes in algo- 
rithms. 

- Undue dependence of child upon them. 

- Child becomes machine dependent. 

- XXX 

- XXX 

- Might decrease students' ability to compute mentally or with 
paper and pencil, although the computer could be used in such 
a way as to enhance their computational skills. 

- - XXX 

- XXX 

- Misuse by teachers who do not have adequate math backgrounds 
to determine where or where not or how to use them. 

- XXX 

- XXX 

- Meaning for operations may be lost. 

- Skills may not develop properly for future needs. 

- Teachers may not know how to incorporate them properly into 
the curriculum. 

- Cost. 

- XXX » 

- XXX 
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•If you mean outright prohibition, I do'not ^ee any oom|)elling 
reasons. The use of calculators must be kept in perspective,, 
howe^ver, as it can'- never completely replace consideration of '4 
operations and manual calculations therein. 

XXX 

XXX . • - 

Might be misused by some teachers and/or children. 

If not provided by a school district, it puts certain economic 

.groups at a disadvantage. , 

Presence of the calculators might cause an undue preoccupation 
with computational mathematics. 

There are no go6d arguments for banning totally. However, 
arguments against their constant use include: (1) hand-held 
calculators will never be omnipresent and (2) if all don't 
have them, some should not be able to use them on tests. 

XXX 
XXX" 

May discourage learning of some primary facts. 

Unfair advantage if all students are not provided calculators. 

Cost. ' - 

Lack of understanding of basic operations. 

Unfair advantage unl^ess accessible to all students. 

XXX 

Used when wha:t is wanted is paper and pencil work. 

XXX ' 
^ XXX 

Might not learri basic facts. 

Might become lazy and use calculator for simple problems that 

he could easily do himself. 

Expense of supplying each child with one. 

Over-use sometimes discourages thinking and skills. 

XXX 
XXX 

All students cannqt afford an equivalent machine. 

XXX 

XXX . 

De-emphasis of usual , computation may take place. 

Children may gain false impression of what mathematics is. 

Structure and problem-solving may be de-emphasized. 

Cost to parents. 

For tests designed to test computational skills, using a cal- 
culator should be discouraged. 

XXX 
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-/Rela:<ation of memorization of basic facts and essential algo- 
/ rithmic knowledge. / 

r XXX 

/- xxx 

- Children use as a crutch ^nd therefore don't learn number 
facts. \ 

- Operate calculators with no\ math understanding. 
7- Cost. ^, 

^ \. ■ • • ' ■ ' 

- Maintenance problems related to the hardware and batteries. 

- Children and adults may becomd somewhat dependent f or-' calcula- 
" tiotis. \ 

- May make teachers uneasy. 

- None [of the above] are really compelling. 

\ 

- Not available to. all students, thus unfair competition or 
f iiiancial burden. \ " 

- Could result in crutch for those not learning basic arithmetic 
facts. ^ . 

- Gives emphasis to product rather than mathematical process. 

- in early years, can reduce practice arid motivation' for learn- 
ing facts and algorithms which are still needed. 

- Encourages exaggerated expectations from machines. 

- Equates mathematics to computation. 

- Replacement of algorithmic skill understanding and practice. 

.-r .XXX ' • ^ ^ . 

- XXX 

T- If professional planning for effective use is not provided. 

- XXX 

- xxx 

■ ■ ' '. 

- The possibility that certain. skills will not be reinfoTced 
sufficiently to be, usable. 

- XX3i 

xxx 

- Leads to dependence on them, i.e. basic skills will not be 
learned. 

- Arithmetic may become a "black--box" mystery. 

- May interfere with learning basic facts. 

- May interfere with learning standard algorithms. 

- May interfere with learning much about fractions. 

- Be sure student does possess some skill in computation without 
calculator. 

"None" (with no qualifications) was the response of ? persons. 

/ ■ • . 

. / 
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As an expert in rnathematios education^ what recommendations 
would you give -to elementary and secondary schools regarding the 
use of hand-held ^ calculators today?** 

- Spend much more time on multiplying and dividing by powers of. 
teti and rounding numbers before obtaining an answer. 

Have contests to see how close students can come to answers by 
"rounding and then using knowledge of powers of ten." Estima- 
tion would be checked by using the calculator. 

- I think for the time being calculators shpuld become a part of 
classroom instruction like pencils, paper and chalkboard in 
the intermediate grades. However, I would not advocate their 
deliberate use in the primary grades nor would I ban their 
use. I would encourage teachers to use the calculator as a 
way of introducing students to decii^kls, but I wciuld not sup- 
port efforts to use the calculator i^nless the goal of instruc- 
tion is understanding and problem solving in the broadest 

sense. v 

- Learn how to use them yourself fii/st. 

- Develop units of work that incorporate them into regular class 
.work. 

- Search literature and obtain help from professional journals 
(MT and AT). " ^' 

- Use for specific skills, i.e. estimation, concept development,- 
checking, discovery, etc. / 

- Encourage teachers to experiment and not wait "for the word." 

- Don't buy them until you kno^ what to do with them.' 

- I can encourage use after some skill is developed in calcula- 
tor without the calculator a 

- Especially at the secpndary level, use of calculators should 
be encduraged; also roots,' involved multiplications,, divi- 
sions, etc. 

- I would encourage their use but would still want. them to have 
skill in "doing them by hand.^" 

- Change teaching emp^iasis to concept development and when to 
apply the various operations. 

- Spend time on estimating reasonable answers to lessen the 
danger of mispunching to get wild result. 

- Do not worry about developing speed of calculation (by hand) 
in elementary schobl kids. . 

- Use the type of calculator so that keypunchs, order, etc., 
corresponds to the order that the symbols are written. 

- Use a type of calculator on which certain controls are pos- 
sible so that the calculator can be restricted to certain 
operations, e.g. when kids do multiplication — 2 digit x Z 
digit — restrict the calculator to 2 digit x 1 digit multi- 
plication so that the partial products need to be computed and 
recorded. 
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- Do not stick your head in the sand. They will^not go away. 

- LearrThow to use them in an educationally sound manner. 

" - Do not be gullible to the strong commercial pressures from the 
electronics indus try . 

- Buy an algebraic/ language one and use it. 

- Recognize the fact of their wide acceptance and availa^bility 
to students, parents, everyone ] . , 

- Review! your goals — are you' teaching -kids who^^will be in the 
real world (where hand-held calculators abouriS)? 

- Study, read, devise ways to incorporate and ^capitalize on hand- 
held calculators in your class. . 

/ - Elementary school: have a few available for special situa-^ 

tions. Do not introduce generally. 
. Secondary: if they are to be used, must be available to all. 

Emphasize use in general math but limit use, in college prep 

classes. 

Use them to aid in problem solving—to save time doing computa- 
tions that students know how to do. Use them to explore rela- 
tionships among operations, functions^ etc. 

- I would encourage a school system (math department) to plan 
how the use of calculators could be effectively accomplished, 
how they fit into the objectives of^each course, and what new/ 
ways they could be used tp motivate and stimulate creativity 
and interest in the students. ^ 

- None, until more research is done on the effects of the cal- 
culator upon mathematics teaching. 

- The calculator, like other motivating devices, helps to moti- 
vate students. Use them for motivation, but don't over do it. 
Guisenaire blocks are excellent for motivation but I. don't 
want my child to always use them or instantly use them. Strike 
a happy medium. 

- Put them in the classrooms and watch what happens. Teachers^ 
will find that Sswill not learn less, but more. Don't force 
the use of the cajiculator; there's nothing worse than teaching 
Ss how to use a piece of equipmeiit rather ^than teaching mathe- 
matics through tlie use of that equipment. Teachers must be 
sold on the idea ^ ^ ' ' , 

• _ ■ 

- Plan a reasonable inservice program for teachers. 

Survey carefully available models; don't get caught in fake 
economy. Buy good equipment like Texas Instrument, Bomar, or 
. Hewlett Packard. 

- Design evaluation of effects of calculators. 

- Buy a supply of them for the school; use them in the classroom 
at all levels. They are an .excellent tool for teaching mean- 
ingful mathematics. 
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It is still absolutely essential that the child be able to- 
perfo'rm the 4 basic operations by hand. The calculator should 
not be used in a manner that replaces these basic skills. We 
would hope it could be used to increase . interest in problem 
solving. 

Introduce them in the upper elementary grades. 

Use them to teach the capabilities of calculators and then 

branch to computer literacy. 

They should not replace instruction on computation (meaningful) 
but should be Ss a supplement. 

Make them generally available when they are introduced. , . 

We should not be charmed by the advent of calculators. Plan 
activities which require appropriate use of the calculator and 
encourage its use when appropriate. We need a careful study \ 
of curriculum implications of the calculator and especially of 
the cheap, programmable calculator of the near future. 

tonsideration should be given to acquiring some hand-held cal- 
culators that would be made available for students^ use at 
various grade levels. . 

Strongly encourage their use especially as an aid' to problem 
solving, i.e. removal of mundane aspects of the generation of 
precise numerical solutions. 

Do not consider the use/non-use issue as black and white. 
Seriously consider using" them in a well-planned program where 
the calculator is seen as an aid in solving certain kinds of 
problems and in a way that helps persons look at the structure 
underlying the mathematical operations and their associated 
algarithms-i 

Beware of the ''get-rich-quick'' publishing houses- who are 
marketing poorly conceived and hastily written printed materi- 
als to be used in a calculator-based progra* of instruction. 

Think of a hand-held calculator like a typewriter; it is^ 
likely to increase the use of arithmetic (just as the type- 
writer has increased letter writing). 

To ignore the existence of hand-held calculators or to ban 
their u^e is counterproductive and counter to reality — hand- 
held calculators are here to stay. 

Expect curricular cons-equences; some ideas., will become more 
important , some less . 

Hand-held calculators have limitations in availability, pre 
cision, and utility. Do not ignore fundamental skills. 

Try to have available at least 30-35 (full class size) of cal- 
culators and instruct in basic operations. 
Encourage student projects in the use of hand calculators. 
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T would reconnnend that a long hajrd look at what we are trying 
to do' in elementary arithmetic must be taken. We must revise 
our present expectations of behavior on the part of children 
in certain grade levels. More ejnphasis on approximation,' 
estimation, common sense and problem , solving must be placed in 
the classiroom activities. Let the calculators do the "busy 
work" and children start "thinking" about mathematics. 

Include their use irj math, science, social studies and other 
curricular areas • ^ 

I would suggest^ that they find meaningful ways to use them at 
all grade levels and accept the fact that they are here to 
stay. ^ 

Prepare kids to use them (emphasize decimals and'^estimation) . 
Allow use when computation is not the principal goal. 
Encourage children to learn to check work. 

Study their benefits. 

Use them if you find benefit. - . 

Study the literature thoroughly before using the calculator in 

■ class. ' 
Determine clear objectives for ysing the calculator. 
Att^d workshops and inservice sessions on the use of the cal- 
culator. ^ 
Consult NCTM reports and research. 

Request university consultant for demonstrations, ideas, 
information, etc. 

Use them for calculations after .students have understood and 
mastered the basic ope,rations. 

Allow children to use them to check their calculations. 
Calculators motivate children. 

Neat problems can be illustrated with the calculator, espe- 
cially in the secondary math and science curriculum. 
Use them with discretion .remembering that understanding math 
is more important than being able to compute. 

I would strongly encourage their use^ Many students are 
turned away from mathematics because of problems in computa- 
tion. This is true for different ability levels. T believe 
that the skills in computation will come, through use and suc- 
cess combined with interval reinforcement, ^Skills and con- 
cepts should both improve. 

Take advantage of them. Find ways to use them to your advan- 
tage but still stress skill at computation, number facility, 
etc. 
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Use them but onXy after considerable thought is given as to 

how, when and for what purpose. 

Xpproach their use on an ^experimental basis. 

If you don't h^ve a -f ac.ulty member or supervisor who can guide 
their proper use, get some consultant help. 

Show kids how to use th^m, then put them aside for the most 
part. 

Now and then giveva :£^'&t deliberately using very large numbers 
and let students .solve problems with their calculators. This 
d^oes' provide teachers with an opportunity to encourage chil- 
dren to le,arn when to +, x, 7 . ^ 

My answer would b^e dependent entirely on the interest and com- 
petence of one or more of the faculty'.' I think we are not pow 
\at a point when one should be directing schqwDls to get 
involved. I think some individuals ^nd some school^'s will get' 
started" and their e'kperience will -be useful to us ^11. . 

■ ■ i _ ■ " ! \ ■ 

Use them freely; provide them for st|idents who don It have them, 
.JCheir use. should be discouraged (bantied actually) cjinly during 
lessons OA development of couiputatioxial skill. ; 



Maice available (by school system) in classroom (to be used 
when appropriate). ^ 

I would endorse its use provided it is used in conjunction 
with a program which emphasii^es why computa'tional procedures 
work as they do. There is no good purpose served if a student 
can determine a result but not know when to use a particular 
process. 

I would recommend to replace the log, multiplication and divi- 
• sion algorithms with the calculators and using the ^extra time 
to teach algebra. 

" Tell them to introduce the hand-held calculator slowly for 
checking purposes, checking either pencil or paper .work or 
checking estimations prior to computations. 

- I would encourage teachers to seriously consider the hand cal- 
culator as a standard piece of equipment in the' classroom. 

- The teachers should be ^on the alert for new applications of 
mathematics suitable for hand calculators at all grade levels'. 

- More time can now be spent J.n teaching what operations to per- 
form in a problem rather than^ being preoccupied with the cal- 
culation itself (which in many cases is trivial). 

r-, Don't overly promote or deny; this is something (a tpol) in ^ 
the real world. 

- Let's learn to use it correctl^y but let's not assume it's the 
answe r : ^ 
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Start teaching estimation, quantitative thinking,. as an objec- 
tive . Devise^ drill where the task is to show how to estimate 
the product 3.97 x .26. All we do now 'is make a pass at this 
ajid then scold the child when he makes dumb errors — didn't use 
his "coinmon sense." But it isn't CQmnibn. It should be 
taught . The only place where quantitative thinking is taught 
as an objective (to be learned) is in slide rule work. 
Samples: 

Given Student Shows 

.35 X 1700 1/3 X 1800 » 600 

73% X 9 . ' 3/4x8=6. 
.89 X 17.6 1 X 17,6 « 17.6 

.43 X .17 1/2 X ,18 « -09 

Use them selectively, not to replace learning basic facts and 
standard algorithms, but to open up the set of reasonable prob- 
lems and projects kids can pursue. 

Children should be exposed to- calculators and learn to operate 
them. However, some practice in hand computation is necessary 
both for better understanding and so one is riot totally depen- 
dent .on having a Ctlculator. Calculators are just another 
tool and do not appear to affect learning significantly. 

Examine curriculum to find new opportunities and situations- 
which are not ■ now' available .for study in K-12. 
Use the calculator- in a positive way as a tool to extend 
mathematical; learning by making traditional woirlc.^ easier . You 
can solve many more of the traditional word problef^s Using the 
hand-held calculator. 

Focus can be on process because product (computing) is assured. 

Use them, ^ut stress knowledge of basic facts.. 
Stress problem solving skills^ _ * ■ 

Stress algorithmic process. 

Use thqm wjhen appropriate . . . better yet, use themi 

Fir^t^ '-fitf^ out what they can and cannot do so that you are 
'Tcnowledgeatile about them. Experiment with their use iri 
selected clWsses. Develop a positive school-wide policy 
governing their use in all classrooms; then encourage their 
use within these guidelines. 

For elementary and slower secondary students use as motiva- 
tional and feedback (after applying personal computation). 
For better secondary students, train in usage, then apply when 
needed (set uA problem and perform computations with calcula- 
' tor). In any \asA,, they should be provided for all students 
or used by none\. 
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Provide one for each teacher if they want one from grades 1 or 
2 to 12. 

Encourage teachers to try out ideas. If they want more 
machines, try to provide a few that teachers can share. 
Let's get a resource of ideas before we make any decision. 

They are becoming an increasingly evident facet of our culture. 
It is folly to ignore them. It is easy to develop some facil- 
ity with them, and we should orient our students in their use, 
pointing out their strengths and weaknesses, arid giving some 
problems (wit'h very large numbers) that are suitable for solu- 
tion on a hand-held calculator. 

Have goals firmly in mind and proceed thereto with common 
sense . • ■ • . \ 

Stress estimating skills. \ 

If they are available, use them. .1 
If used, then there must be a far greater emphasis on (1) con- 
ceptualizing processes and (2) approximation and estimation. 
Use in early grades must be marked with care in a way similar 
to using any other labor saving device. 

Use them only when they facilitate learning in its most impor- 
tant aspects. . 
Make sure students understand each computational process and 

when it is used. 

Purchase experimental sets and have your best staff experiment 
with them for a year. As a result, issue guidelines for cal- 
culator use. 

Consider implications of allowing students to bring calcula- 
tors from home for use in math classes. 

Consider implications for curriculum in math. Calculators are 
a fact of life. Let's not fight themi 

Inform all students of the capabilities and limitations of 
various calculators. i 
Encourage students to obtain calculators commensurate with ^ 
their needs and finances; do not rush into a heavy investment 
in rapidly outmoded calculators. j 
On all tests (etc.) be sure the students have equal access tcj 
calculators. (An emphasis on setting up problems for calcula- 
tor use Is often desirable.) 

Encourage teachers to set up real-life type problem solving 
situations which require application of the calculator to 
solve the problem. In other words the problems no longer need 
to have integer solutions. 

Also visit business places and apply the calculator to every- 
day situations > ^ 

133 



B-62 



I would suggest students in the advanced high school science 
and mathematics courses be encouraged to use calculators in 
much the same way they did and to some extent still use the 
slide rule. 

In elementary grades and geaeral math- classes, I would propose 
they be used somewhat the way desk calculators have been used 
in some instances in the past.^ 

Buy calculators appropriate to the level of the students and 
with desired properties (floating decimal point, algebraic 
logic, no gross errors, etc.) 
Conduct careful inservice programs. 

Prepare guides (or acquire them) for where and how to use them. 
I would not give advice on this topic. 

Study how they can be used to help teach the mathematical con- 
cepts and skills we want students to learn. 

. >i 
Use them 1 I Properly I.' with planning and purposes carefully 
considered. This requires thoughtfully developed problem 

situations (e.g. f ind TT, JT^ lim — , problems where areas 

change as perimeters are fixed, but dimensions change, etc^) 
Have enough machines (but students can work in pairs or teams, 
etc. ) . 

Ease time doing simple calculations so that more material or 
richer material can be developed. 

Provide reinforcement of basic facts and algorithms. 

Replacement of algorithmic skill understanding and practice. 

Their use should be justifiable from a learning or educational 
viewpoint. We do need to research their use in terms of 
specific outcomes. 

For elementary teachers: Consider limited use until a 
defensible program is developed. ' ^ 

For secondary teachers: Participants in conferences, loca'l 
planning groups and action research, to learn about or con- 
tribute to calculator involved curriculum development. 

Encourage their use generally, but- emphasize their limitations. 
Be specific in many instructional settings (e.g. use only to 
verify if you calculated correctly). 

Use to provide immediate confirmation during practice. 
Emphasize estimation skills. 
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Allow their use because of reasons given previously (less time 
would be spent on paper and pencil drill; greater speed and 
accuracy in computation should result; more time and a means 
would be available to develop greater understanding of con- 
cepts) . "'^ / ' 
Where students , cannot afford their own, provide them as the 
school would ptovide other teaching and/0.earning tools. 



Use freely after about grade aix for /all sorts of checking and 
computation. . . / 

Also useful tox exploring new algorithms. 

Use them in thye classroom; however, some skill should be 
developed in jnental computation^ ^ ^^--^ - 
Use calculator to check computation. 
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What modifications do you believe should be made in the K^12 
curriaulim if/when hand-held, calculators are made readily avail-- 
able to students at all times? Stai*. the three you believe to be 
most significant. 

* More attention to estimating. 

* More attention to multiplying and dividing by powers of ten. 

* More attention should be given to programming problems (trans- 
lating from familiar to math language). 

- More attention must be given to d.ecimals at an earlier point 
in the elementary school curriculum. 

More realistic problems could be given to students. 

~* No ."modif ications'' in curriculum .as such, but rather the 

incorporation of the calculator into traditional programs as a 
-means of developing basic concepts, checking answers, estima- 
tion, discovery and laboratory approaches, etc. Possible 
changes: decreased emphasis on fractions, logarithms, use of 
trigonometry tables and other tables (square root) as well. 

* Include problems whose solutions were p rohibitive. 

* Encourage- development of algpzithms . 

* Increase the number df exercises of a "numerical nature." 

* More emphasis on solving real problems. . , 

* Facilitate teaching of computer programming (which is really sl 
sub topic of above). 

* Eliminate teaching the slide rule. 

- Really havei^'t thought too much about this; however, I am sure 
there m;Lghtitieed to be "practice exercises" just as there are 
for "slide tu'^e courses"— *-or as there were . 

-'^One may wish to decrease slightly practices on calculations 
-'^'by hand." V \ 

\ " . 

- Activities designed specif ically for hand calculators must be 
developed by creative curriculum developers. 

.* More emphasis on problem solving. 

* More emphasis on creative mathematical activity. 

* More emphasis on mathematical processes vs. emphasis on 
products (answers) . 

- More emphasis on decimal equivalents of fractions. 

- Give more emphasis to computation with decimals and less to 
mixed numerals — mainly because of metrication, not electronic 
calculators. 

- Restrict computation with fractions to "easy" fractions. 
(Structure needed for pre-algebra considerations.) 

- Incorporate more "real" world problems with "real" numbers in 
the problem solving strand. 
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* Estimation and approximation needed to mentally check the 
hand-held calculator's answer. , 

* De-emphasize fractions, emphasize decimals. 

- Examples and exercises need not be devised to work out nicely. 
Students can make up problems •.■ 

- Order of operations needs study. 

- Get out of the "back to basics" movement and teach structure 
with hand-~held calculators for computation. 

* Kinds v-of numbers in word problems, especially for general math. 

* Do not ignore fractions even with SI and calculators. 

* Emphasize estimation. 

- A clearer distinction needs to be made throughout the curricu- 
lum as to when we are teaching for process as opposed to when 
we are teaching for product. In the latter case, the use of a 
calculator will save time which may induce curriculum modifi- 
cations. In the former, the use of a calculator would not be 
central. 

* There should be an increased emphasis upon problem solving, 
using the hand calculator as a possible tool to eliminate long, 
complex calculations. 

* There will have to be more emphasis upon decimal form of frac- 
tions . ' " 

- "Built-in" work on how to use the calculator appears to be a 
"given." 

- At this time I. can't see any changes. Recall "teaching 
machines." The machines were to revolutionize the schools. 
Students would do most of their work at home, I'That happened 
to those machines? Millions of dollars went into experimenta- 
tion. The Wall Street Journal at one time devoted the front ' 
page to them. Where are they? Modifications later — miaybe. 
Maybe, if calculations are speeded- up, we may be able to add a 
few more topics. On the other hand, maybe we can then be sure 
that all of the single basic competencies are learned. 

- Less time devoted to "drill and practice" and more time to 
problem solving and applications. 

* Teach some mathematical functions earlier such as SIN, < N, y/^ • 

* Develop good resources of the applications (problems) for 
which calculators can be used^ 

* Carefully consider use "of calculators in all classes, espe- 
cially mathematics, science and social science. 

- Revise drill procedures in elementary school. 

- Consider teaching "flow charting." 

- Teach decimals and estimation; encourage checks; teach to use. 
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* More problem solving, 

- More investigation into number theory. 

- More investigation into what might happen if some of the data 
were changed (mini-mathematical modeling) • 

* Less time on computation, more time on concepts. 

- New material. in curriculum, e.g. geometry in elementary grades 
and possibly probability in elementary grades; these will be 
possible as a result of the time saved by utilizing the calcu- 
lator (for example why teach the square root algorithm?). 
After my recent visit to the University of Georgia, I am con- 
vinced that transformation geometry will be the next major 
push in elementary school curripulum. ^ 

* As an introduction to computer literacy. 

* To teach problem solving. 

* General utility in every day life. 

- Flow chart logic. 

* We can have less concern for skill in standard algorithms. 

* Mental arithmetic will take on new importance. 

* We must continue and increase our concern for meaning and 
understanding of process and relationship. 

- More realistic problems with large masses of data can be 
handled, ' • 

- We may need to de-emphasize skill development in fraction 
arithmetic. 

* Increased attention to estimation skills. 

* More attention to problem solving, less on problems involving 
messy computation. 

- Provides an alternative to developing basic skills. 

- Additional attention devoted to decimals. 
Relationships between fractions and decimals. 

* Re-orientation of emphasis from computation to higher level 
objectives. 

* Development of curricular materials designed to higher level 
obj ectives . 

- Encourage estimatiye procedures to a greater extent. 

- Encoui'age iterative procedures to a greater extent. 

* More emphasis on decimal fractions than on common fractions*. 

* Problem solving, particularly multi-step problems, will 
probably receive more attention. 

* Consideration should be given to using the calculator as a 
drill and practice device, particularly as ^ validating tech- 
nique. 

- De-emphasize the long division algorithm. 

- Use metric measurements more predominantly; 

- Decrease drill and practice in computations. 
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- More problems with real data. 

- More emphasis on problem-solving strategies^ and algorithms. 
^ Less drill on certain skills, e.g. long division. 

- Earlier introduction of decimals, perhaps scientific notation 
also. 

- Earlier introduction of negative numbers — nothing like "3-5 
can't be done." 

- Sucpessive approximation, sequences, and limits are easier to 
do. 

- In courses such as probability and statistics, more inductive 
' experiments (to precede deductive arguments). 

- More emphasis upon approximations in measurement and study of 
error . - 

- More emphasis upon ct)mputat ional algorithms suitable for cal- 
culators. 

- 1 believe there are many researchable questions regarding ' , 
their use in classrooms which should be investigated. 

- We must be willing to forego some of our popular assumptions 
about what and when children of certain ages should "know" 
about mathematics, i.e. do all entering 4th graders need to- 
have committed to memory all the basic multiplication facts or 
will they learn them in time through use. 

* Can now put more time on the concept of the 4 fundamental 
operations and less on the algorithms. 

- Can make math fit the real world better. 

- Less time on practice with the algorithms in paper and pencil 
practice form. 

- More time to develop the explanations as to why and under what 
circumstances algorithms work." 

- More time for applications with a broadened range. 

* Greater emphasis should be placed on problem solving. 

* Structure should continue to be emphasized. 

* Textbook exercises should be revised to include proper use of 
calculator. 

- More enrichment material, employing the use of the calculator, 
should be devised. 

* Shortening amount of Instruction with long division, division 
of fractions, operations with decimals and percents. 

* Increase the use of calculators to solve practical problems, 
i.e. have more practical problems. 

* Focus more on concepts, less on computational skills. 

- Nothing startling — maybe add units of^^study inwhich the calcu- 
lator can be used. I still think computational skills should 
be stressed. - , 
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More emphasis on rational number concepts and less drill on 
computation with fractions, particularly fractions related to 
English system measures. 

More emphasis on estimation and boundary problems. 
Earlier work with sequences, series and limits. ^ 
More emphasis on the decimal system. 
Support metrication. " 

At this point I don't foresee a fundamental change in the 
course of study; that is, the same topics are apt to be taught 
in the same sequence. But there are apt to be fundamental 
changes in the approach to topics, the number v and kind of func 
tions that can be considered, and' an increase in types and 
kinds of problems to be solved. 

More emphasis might well be spent on teaching children the 
meaning of the operations, i.e. knowing what operations to per 
form. 

Estimation could be emphasized more heavily* - 

More problems from science dealing with conversion from one 

unit to another might be employed. 

More computation involving approximate measurement could be 
performed; 

Heavier emphasis on estimation. 

Change in the nature of problem solving at almost all levels. 
Again, we search for more effective ways to improve understand 
ing, this time through the use of calculators. 

Increased use of learning center or laboratory in math instruc 
tion. 

Teach math behind the calculator. / 

May be able to add more math content if calculators speed up 
the process of learning. 

Build in lab activities where computation is involved but the 
emphasis is on learning other math concepts. 
Use calculators with' primary students only briefly for moti- 
vatiqnal purposes. 

Develop standardized tests which allow for use of calculators. 
Build in more work with no patterns, particularly with greater 
numbers . 

More, emphasis will be placed on analyzing word problems and 
the s^uence of the operations involved in solving a problem. 
Because of the above, there will be a greater need of reading 
proficiency among the students than they now possess. ^ 
Routine page after page of dull computational problems will be 
minimized. 

More discovery-laboratory techniques in concept development, 
especially in higher grades. 
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* Less emphasis on computational drill. 

* More emphasis on uniierstanding and knowing when to compute. 

- Integration of mathematics teaching/learning with other sub- 
ject areas » \ 

- An earlier focus on decimals. 

- Problem solving situations can use "real world" data. 

- Guess and te§t strategies^or solving word problems will be 
easier to implement. - ; \ 

- There will be less focus on \ommon fraction computation. 

- Drill in computation will be easier to motivate by using the 
hand-held calculator in conjunc^t ion with pencil and paper com- 
putation. \ - 

- Laboratory situations which involve messy data can be devel- , 
oped using the hand-held calculator to do "pn line"^ calcula- 
tions. \ 

- Much more emphasis on algorithms, leading to students develop- 
ing their own algorithms for the calculator. 

- Earlier development of decimal fractions. 

- New emphasis on (verbal) problem solving. , 

- Reduce greatly emphasis on computation by logarithms. 

T Reduce tabular and interpolation work with trigonometry func- 
tions. - ^ 

- Increase emphasis on Estimation of answers (before calcula- 
tion) . 

- I'm not very responsive to this question because I don't 
believe that massive changes would or should be made. I feel 
that the basic computation algorithms should still be taught 
and calculators used after that point for motivation, simpli- 
fication, and applications as appropriate. 

* More attention to decimals early. 

* 'Increase problem solving attention. 

* Make decisions about "need to know" levels of computation suc- 
cess. 

- Less attention to common fractions. 

- Increase attention to estimation. 

- Change focus on numeration with emphasis on longer numbers. 

* We should encourage students to develop their own algorithms 
for shortening the computational process on their particular 
machine. 

* We should teach a variety of algorithms for calculators (with 
vs. without memory, functions, etc.). 

* We must teach estimating so they can detect large errors made. 

- We should teach students how to use them. 

- Stress on application of computation to interesting problems. 

- Increased emphasis on statistical inference and on combinator- 
ial problems. 
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- Greater emphasis on conceptualizing. *" 
" Greater emphasis on estimation/approximation. 

- Rewriting exercises to make them more realistic. 

- Complete reverse in ratio of "word problems" to standard drill 
exercises. . \ . 

- There would be greater emphasis on decimal fractions and less ^ 
pn common fractions (although not completely eradicating com- 
mon fractions as many would believe) . 

- Less time will be spent on 3d x 3d multiplication and long 
division. 

- Decimals will be introduced earlier in the elementary sequence^ 
Perhaps introduction of metric will force this change also. 

- Arithmetic computation, as a^ factor in accuracy, will nearly 
totally disappear from senior high math courses. 

- Senior high math teachers will be able to a-ssign much more 
significant problems, when all students have calculators avail- 
able to them. 

- No one has as yet determined the specific impact on the cur- 
riculum — it will be significant! 

Calculators should support rather than replace hand calcula- 
tion.' 

- Estimation should be given greater emphasis. 

- Precision and accuracy should be stressed. 

- Irrespective of above: Application should be given greater 
emphasis and a wide variety of application should be con- 
sidered. 

* More problem solving situations. 

* More applications of math now possible with earlier introduce- 
tion of decimals — coordinates with philosophy of metric system. 

* More emphasis on place value to understand numbers. 

- Algorithm understanding reached before calculator application. 

- Real life solutions instead of more integers in problems. 

- Coordinate decimal system witH measurement with money in the 
curriculum. -I | 

- The only modification I would make is to 'inclucie more "real" 
applications, i.e. having calculators available allows us to 
deal with problems which do not have small integers, neat 
solutions, etc. Two minor changes might be: (1) a selection 
on round~off error and (2) more emphasis on statistics. 

- Why state "at \all times"? Calculators should be used some of 
the time, especially when the instructional goal is problem 
solving (applying principles) and not first of all drill over 
computation.- So 'used, calculators wouldn't change much of 
anything except to allow students to do more work more effi- 
ciently. . 

- I don't feel that ! they will. ^ 
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- Less fraction work with complicated, denominators • ^» 

- More problem solving experiences* 

- Less use of tedious algorithms after they are mastered, 

- Change the place or igin the curriculum* 

- Eliminate use, of answer keys to check papers. 

- De-emphasize computation and increase emphasis on concepts* 

* More work with decimals, less with fractions. . i 

* More math-science coordination and integration. 

* Greater emphasis on problem solving. 

- Spend less time teaching long division computation in grades 
4-6. 

- More exercises involving patterns (of numbers). 

- In the elementary and middle schools:' (1) instruction in 
their use, (2) increased emphasis on problem solving (applica- 
tion situations), and (3) increased emphasis on, estimation 
skills. 

* Earlier work with decimals. ' 

* Greater emphasis placed on concepts. 

* Additional titne available for applications* 

- Less time "and attention given to drill* 

- Aid in metric computations. -* , . 

- They might decrease the amount of time needed to teach compu- 
tational sicills in the elementary school. I don't mean to 
imply children would need less skill in computation — the hand- 
held computer might help them gain that skill sooner* I see 
no other major modifications that would need to be made* 

- Changes will have to evolve slowly. 

- There will be an emphasis on decimal vs* comi&on fractions* . 

- There will be an emphasis in problem solving. 

- Concepts will be met earlier and unexpectedly by students 
(e.g. negative numbers). 

- Realistic numbers in real life problems will become more 
common. 

- Students will be encouraged to check work, explore new con- 
cepts, examine patterns more often. 

- Earlier introduction .to decimals. 

- More applications of math in elementary schools. 

- Large numbers introduced earlier. 

Trigonometry manipulations will be easier and introduced 
earlier. 

- Logarithms will be easier and earlier, used more as a tool 
than as unit of content. 

- This would depend on research findings. 
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I haven't given this enough thought. I don't believe "major" 
modifications of the curriculum are needed but effectiveness 
of time allotments may change and more applications may be 
usable. . 

They-are so dependent on the teacher and the situation it is 
difficult to generalize. 

Less stress on speed skills and drill. 

Great increase on estimating skills. 

More stress on processing problems, problem-solving. 

More stress on understanding of how numeration/calculation 

works. 

I haven't really thought this through. 

Include problems of greater reality that call for chains of 
computations. ^ 
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7. Assume that a school system (K-'12} has moved to widespread lis e' 
of hand-held calculators throughout the curriculum and testing- 
program. React to each of the following in such a framework: . 

True ? False 

. ■ 19 3 56 a. The mathematics curriculum would need to 

be modified extensively. ^ 

2 1 75 b. The mathematics learned in elementary 

schools would be significantly less. 

2 5 71 ^ c. Students would no longer remember the 
|; * basic facts. 

']'.'"■' 
18 8 52 d. Parents would strongly oppose such wide- 
spread use of hand-held calculators. 

15 6 57 e. Elementary teachers would not use hand- 

' held C;alculatdrs during mathematics les- 

sons. 

0 c,, 1 .77 f . Students would no longer have an apprecia- 

tion for concepts such as negative inte- 
gers, fractions, square roots, etc. 

5 5 68 g/ Fractions will no longer be taught in the 

elementary school. 

;53 8 17 h. Students would improve in the ability to 



i, 



estimate quantities. 



53 . 12 13 i. Students would improve in the abil-'ty to 

solve problems. 

0 3 75 j. Students would lose interest in mathe- 
matics. 

3 8 67 k. Students would become lazier than they 

are. 

4 4 70 1. Students would lose confidence in their 

ability to handle numbers. 

,43 8 27 m. Students would have a greater understand- 
ing of concepts such as square root, nega- 
tive integers, fractions, etc. 

48 10 20 n. Students would gain understanding of th«! 

decimal system. • 

54 14 10 o. Students would gain interest in arith- 
metic. 
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Appendix ^: 

5. Summarized Responses frorif Textbook Publishers 



\ 



The questionnaire (pages B-75 to B-76) was seiit to 26 



publishers of elementary and secondarj^ school mathematics textbooks; 
responses were received from 13. 




\ 



\ 
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Survey on CalculatorB . ; Sample: Textbook publishers 

1. What, do 'you anticipate to be the extent (in percent of schools) of use 
of hand-held calculators in schools — 

a. this year? • , , 

b. in one year? 

c. in 2 years? 

d. in 5 yearsf? 

e. in 10 years? . 

2. Do you plan to develop materials for use with hand-held calculators? 

Yes . ' 

' No " ^ 

3. If yes, how soon will they be available? - - : " 

4. If yes, what level? (check any which apply) 

primary (K-3) 

intermediate (4-6) 

junior hlg^ (7-9) 

senior high (10-12) 

5. If yes, what type?\^ (check any which apply) 

included in textbook - 

integrated 

alternative'- 

supplementary ' 

'\ workbook ^ 

other — please specify: i ] 

6. If yesj what functions/features of hand-held calculators will be assumed? 

at primary level _J 



b. at intermediate level , 



c. at junior high level 



.d.\at senior high level 
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7* If you are not planning to develop materials, uhy not? 



8. -.What modifications do you believe should be made in the K-12 curriculum 
if /when hand-held calculators are made readily available ""to students at- 
all times? Star the three you believe to be the most significant • 



9. Assume that a school system (K-12) ' has moVed to widespread use of hand-held 
calculators throughout the curriculum and testing program. React to each 
of the following in such a framework: 

True False ^ . 

a. The mathematics curriculum would need to be modified 
extensively. 

b. The mathematics Ifearned in elementary school would be 
significantly less, 

c. Students- woul^Nno longer remember the basic facts. 

d. Parents would strongly oppose such widespread use of 
hand-held calculators* 

e. Elementary ^teachers would; not use hand-held calculators 
during matheiH^atics lessons. 

f-. Students wouldXno longer Have an appreciation for concepts 
such as negative integers , fractions, square roots, etc. 

g. Fractions would nd, longer he taught in the elementary school. 

h. Students would improve in the ability to estimate quantities. 

i. Students would improve in th,e ability to solve problemsr 

j. Students would lose interest \ in mathematics . 

k. Students would lose confiUencife in their ability to handle 
numbers. , \ 

^ 1, Students would gain understating of the decimal system. 

\ 
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What do you anticipate to be the extent (in percent of schools) 
of use of hand-held calculators in schools — 



a. 


tlrd-s yeav? 


.01% 


50% 


1% 


5% 


5% 


50% 


h. 


in one year? 


.17. ' 


: \55% 


2% • 


10% 


10% 


60% 


a. 


in 2 years? 


1% 




4% 


15% 


15% 


80% 


d. 


in 5 years? 


10% 


75% 


25% 


40% 


20% 


90% 


e. 


in 10 years? 


100% 


90+% 


80% 


80% 


70% 


100% 


a. 


this year? 


1% 


1% 


10% 


5% 


5% 


1% 


b. 


in one year? 


2% 


5% 


15% 


10% 


10% 


2% 


c. 


in ^ years? 


10% 


10% 


20% 


20% 


20% 


- 5% 


d. 


in 5 years? 


20% 


40% . 


40% 


30% 


40% "1 


40% 


e. , 


.in 10 years? 


40% 


80% 


50% 


40% 


80% 


60% 



Do you plan to develop materials for use with hand-held palaula- 
tor's? 

Yes: 11 No: 2 \ 

If yeSj how soon will they be available? 

1976; April 1976; Fall 1976; 1978; 1978-1979; 1980-1981; 1985; 
1 or 2 years; not definite. 



If yeSj what 



'level? 



prirrary (K-2): 3 
intermediate (4-6):. 9 ' 

junior high\(?-9) : 10 
senior high ^{10-12) : 5 

If yes^ what^type? - * • 

included in textbook: 8 . 

integrated: 4 
alternative: :5 

supplementary: 8 

workbook: 1 , 
.module miini-course: 1 • 

'kit: ' 1 

^f_:yes^. what functions^^feartmrB^'^ hand-held calculators will be 
assumed? 

a. at primary level 
algebraic 

- not decided at this point in time 

- checking results 
simple, durable 

- -f - X 

addition and subtraction 

- not \certain at this time 
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b. at intermediate level 

- algebraic system, chain and mixed calculations, stored 
cons tant, floating decimal point, CE (clear error)^key > 
algebraic , 

- - helping to develop algorithms, checking results 

- algebraic logic, no memory, constant 

*" J *"> ^> T> V 

- addition, subtraction, multiplication and division 

- 4 basic operations plus percent 

a. at junior high level 

- algebraic syistem, chain and mixed calculations, stored . 
constant, floating decimal point, CE (clear error) key, 
square root 

- algebraic with memory 

- being able t.o use 'real numbers in problem solving 

- algebraic logic, no memory, constant 

- +, X, 7, v^"^ , N^,. floating decimal 

- addition, . subtraction, multiplication, division, square 
root, exponential (a^ where a is rat^-onal number) 

- as aids in performing some forms of mathematical processes 

- 4 basic operations, percent 

atmenior high level 

- , X,7 

- algebraic system, chain and mixed calculations, stored 
constant, floating decimal point, CE (clear error), key, 
trigonometric functj.ons and a limited memory 

- algebraic with memory 

time saver, more realistic data, good for approximating 
roots 

- +. X. r~-. 

- +, 1, X, 7, trigonometry, Jt^, Tf, and oite or more memory 
banks 

- as aids in performing some forms of math processes 

- 4 basic operations, memory, scientific notation, x^, 
trigonometric functions 

If you are not planning to develop materials^ why not?^ 

Only two respondees were not planning to develop materials. 
They responded: 

- Do not believe they will be used to any extent. 
Not into math right now. 
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What modifications do you believe should be made in the 
ourrioulum if /when hand-held calculators are made readily avails- 
able to studerttB at all times? _ Star the three you believe to be . 
the most significant. 

* Earlier introduction to place value. / 

* Earlier introduction to decimal fractions. 

* Greater emphasis on decimal fractions* 

Greater^ emphasis on estimation. . . 

- Greater emphasis on problem solvingt 

* More emphasis on estimating. ' . . • 

* More emphasis on problem solving. 

* Realistic problems — not contrived for neat calculations. 

- More emphasis* on quantitative thinking and analysis, and place 
value. 

- Earlier work with large numbers, decimals, irrational approxi- 
mations, integers » 

- Greater use of mathematical properties. 

- Development sequences will change to reflect the capacity to 
look quickly at patterns. ^ 

- Increased emphasis^ on decimal numeration. 

- Increased use of guess and test. 

- None — instruction in math classes. 

* Emphasis will be on the structure of algorithms rather than on 
the execution. 

* Applied problems can be more realistic. 

* Flow charts will become important in order to organize informa- 
tion before using the calculator. 

- You would only need to add a special topic mthin existing 
structure of math and business classes. 

- Could be handled by teachers or by a special supplemental 
booklet with diijections and practice examples. 

* Emphasize problem-solving skills. ^ 

* De-emphasize routine calculations ' (paper-and-pencil) . 

* Emphasize rounding, estimation, checking for reasonableness* 

- Ititroduce more realistic problems involving messy data. 

- Minimal use of calculators at primary level. 

- Increase work with number theory, exploring relations, between 
numbers, etc. • 

- Decreased emphasis on, computational skills. 

- Increased emphasis on problem solving strategies. 

- Increased emphasis on estimating and error checking. 

- Increased emphasis on manipulating numbers. 
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- Simply ^as enrichment coiicerning existing processes. 

* Studentg will deal with applications (some practical). 

* Students will deal with career matTiematics. 

* Studenta^ will be free of computational drudgery and will know 
when to compute rather than just how to compute. 

- Students will deal with dilemma <choice) situations. 

* Kr-S Less on particular algorithms to be memorized and more 
on methods. 

* 9-12 Little (if any) hand computation. 

* More story problems-. 

- Few modifications. 

- More emphasis on problem solving. 

Special exercise booklets. 

- More emphasis on problem solving. 
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Assume that a school system (K-'12) has moved to widespread use 
of hand-held oaloulatoPs throughout the auvriaulum and testing 
program. React to each of the following in such a framework: 

True ? False 

2 0 11 a. The mathematics curriculum would need to 

be modified extensively. 

1 0 12 b. The mathematics learned in elementary 

school would be significantly less, 

2 0 11 c. Students would no longer remember the 

ba^ic facts . 

5 17 d. Parents would strongly oppose such wide- 

spread usfe of hand-held calculators. 

2 0 10 e. Elementary teachers would not use hand- 
held calculators during mathematics les- 
sons • 

0 1 12 f. Students would no longer have an apprecia 

tion for concepts such as negative inte- 
gers , fractions , square roots , etc . 

1 1 11 g. Fractions would no longer be taught in 

the elementary school. 

9 13 h. Students would improve in the ability to 

estimate quantities. 

9 13 i. Students would improve in the ability to 

solve problems. 

0 0 13 j. Students would lose interest in mathe- 

matics . 

1 0 12 k. Students would lose confidence in their 

ability to handle numbers. 

9 0 4 1. Students would gain understanding of the 

decimal system. ^ 
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TEACHING MATHEMATICS WITH THE HAND-HELD CALCULATOR" 



By George Immerzeel, Earl Ockenga, and John Tarr 

Malcolm Price Laboratory School 
University of Northern Iowa 
Cedar Falls, Iowa 50613 



You walk into the grocery store and see people 
using the hand-held Calculator to make decisions about 
what items are the best buys. You ask for an estimate 
for new carpeting for your home and the estimator arrives 
with a calculator in hand. You visit your lawyer's 
office to get advice on your income taxes and there is 
a hand-held calculator. More and more people are using 
numbers to make decisions because the hand-held calculator 
is available. 

Estimates for the number of calculators sold in the 
last three years range from 20 million to 40 million. 
Mathematics teachers all over the country are beginning 
to ask how they can use the calculator to teach mathematics 
better. Students are beginning to bring their calculators 
to class and are asking if they can use the calculator to 
do their homewbrk and tests. It is time" "that mthematlc^f 
educators recognize that the calculator is an inevitable \ 
part of our daily lives. 

Now is the time to consider the effect of the hand-held 
calculator on the curriculum. Think of what would happen 
in a fifth-grade class if every student had a calculator 
when the class is studying multiplication. A lesson that 
normally takes a full class period would be reduced to a 
ten-minute experience. 



To avoid the "future shock" of the calculator it is 
time that every teacher begin to prepare for the future. 
Imagine the effect on learning of mathematics if teachers 
are unprepared for the flood of materials that will soon be 
forthcoming to fill the vacuum being generated by the hand- 
held calculator. All of a sudden the teacher must make 
judgments in terms of what materials are appropriate and 
that judgment must be made without any experience using 
the calculator. Preparation of a teacher can begin with 
one machine. > One machine will help the teacher build 
experience upon which future judgment can be based. 

Recent years have provided similar situations. The 
mistakes made in these situations should give educators 
some guidance in preventing the future shock generated 
by the hand-^held calculators. The growth and demise of 
the language lab might be a good example to consider. 
When language labs were first available, they were put 
into schools across the country. They were to be a 
solution to the problem of teaching language. Where 
are these laboratories today? In many cases , they are 
gathering dust and taking up neieded storage space. Why 
did they fail to produce the anticipated results? It 
seems apparent that they failed because of the lack of 
software support. There are people today who think that 
the calculator alone will provide the needed answers for 
the problems in mathematics education. But again we 
shall find that unless imaginative software is carefully 
developed, five years from now the calculajtors will be 
gathering dust as well. It may be that the calculator's 
main advantage is that they teike less storage space. 

\ * 
\ 
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There is ohe very important difference, however; everyone 
will have a calculator. The point we should learn from 
the recent history of the language lab is that a fine 
technological tool without adequate support in the form 
of software is doomed. 

Probably the best example is the dilemma evidenced 
by what has happened with the "Modern Mathematics" 
movement. A tremendous effort was mounted to affect 
the mathematics curriculum. Many good materials were 
developed, but .these materials were buried in an 
avalanche of poorly conceived materials . They were ^ . 
modern in appearance, but. were often traditional in 
basic concept. This mixture didn't come up to expectation. 

All 6f these movements have lessons to offer as we 
look at the beginnings of a new movement that is being 
generated by the invention of the hand-held calculator. 
V7e can expect to make many of the same mistakes, but 
this time there is a big difference. The calculator 
will be a part of the lives of every student regardless 
of what we do about the curriculum. For this reason, 
the calculator provides" another opportunity to generate 
a mathematics curriculum that will meet the needs of 
the future adults. t 

Let us look at some of the general changes we can 
anticipate as a result of the calculator. 

In the beginning we will see two basic approaches. 
There will be some who want to put units of study in 
the curriculum at various levels to teach the use of 
the calculator. Actually, there is very little need to 
teach the use of the calculator. If you give calculatoiTB 
to tan-year-olds, they soon find out how to add, subtraqt, 
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multiply, and divide. A little experimentation by the 
student is all that is all that is necessary. The 
student may soon be convinced that all pencil-and-paper 
activity with mathematics is unnecessary. Although there 
are more* complex uses for the calculator, these uses mak^ . 
little sense unless they are supported with conceptual 
know-how. 

The second approach will be more common. Teachers 
will use the calculator as they would other teaching 
•aids that support the objectives of the curriculum. You 
can better understand the relation between common fractions 
and decimals when you have the calculator to generate the 
examples. You can better teach estimation when you have 
the calculator to verify the estimate. 

Out of this second thrust in using the calculator, you 
can expect people to become aware that the ba^ie curriculum 
will be more effective if the materials are designed with 
the calculator in mind. At this point a danger exists. 
Decisions will be made in terms of the relative importance 
of the various topics and the whole curriculum will be 
revised. Let us hope that by this time we have developed 
some guidance from research and experimentation to help 
make wise choices. 



THE ROLE OF THE CALCULATOR IN THE PRE-COLLEGE CURRICULUM 

Our position on the role of the calculator in the 
curriculum is a function of the age of the student and 
the principal objectives of the mathematics content for 
each level. The following paragraphs summarize our 
position by level. 



:j 1) The Primary |Level {K-3) Incidental 

ii use is recommended. One or two cal- 
|| culators in the mathematics interest 
' corner would provide an opportunity 
for both the teacher and the student 
to explore its use. If dangers exist 
they are at this level. All students 
■ should be guaranteed the opportunity 
to develop the basic mathematics skills 
with pencil and paper. 

2) The Intermediate Level (4-6) Each 
I elementary school should have a class- 
! room set available for occasional use 
I'. to support the present objectives of 

I the curriculum. Each teacher should 
I also have one or two to use on an- 

i individual basis and to support class- 

1 room activities. j 

3) The Junior High (7-8) A classroom 

I set should be available for each Junior 

High teacher. The calculator should be 
used whenever it is the best way to 

I 

develop the obj¥ctrves of the curricuT.um. ~ 

4) The SeniorHigh (9-12) Every student 
should have a calculator available anytime 
one is needed. 

The following pages give example^ of the use of thb 
calculat-off ...a«iv relation to the principal content objectives 
for each le.yel. 

5 
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THE PRIMARY LEVEL • ' V 

The principa^l -function of the primary years! is to 
.build the images and symbols for numeration and the 
fundamental operations with whole numbers.. \ 

Because the fundamentals are built at this level ^ 
we feel that the greatest danger in using the hand- 
held calculator exists here. We would recommend one 
or more calculators be in the classroom and that their 
use be incidental to the basic program. Students would 
use the calculator to verify, extend or explore , but 
the use would be in an individual or small-group mode 
such fis would occur as a part of a mathematics interest 
center. Seldom, if ever, would it be ^ total 
focus for the class e Such 'use covild be supported by 
activity cards such as these. 



Activity Card Grade 1 

Make the calculator count. How far can 
you count in a minute? Find a way to 
make your calculator count by 2 'a, 5*8 
and lO's. 



Activity Card 


Grade 2 


Enter the number of tens. 


push . 


32 B 


125 |3 


45 (3 


241 (+t 


■ 96 S 


64r El 


43 


105 


Push t+i 


Push {±1 


Check 20 


Check 10 



6 



Activity Card 


Grade 3 






Find two numbers whose 


sum is 77 and whose 


difference is 11. 





There are many games that would be appropriate for 
second or third grades. Here is one that is fun. 



Activity Card Hit the Target 

Push one digit key. Push Q . I^and the 
calculator to the second player. l^ush any 
'.digit key. Push . 
The first player to, display 50 is |he winner. 



The calculator can be uspd for drill as you would 
flash cards. For example, for addition, th^ student 
enters jll 1±I tsl gives the answer and then pushes ^ 
to verify the answer. 

Sometimes the calculator can be used/ to support 
or extend a concept. For example, the tMird-grade 
class has been studying area. Today the' class is 
organized into teams. Each team is measuring the door, ^ 
or a window, or the chalkboard to determine the area. 
Since the final computation to determine area is beyond 
the students' skills, it is done on the calculator. The 
concept of area has been built throi/gh a variety of 
experiences, but is culminated and Extended by using the 
calculator. 

Perhaps after careful research, it may be possible 
to use the calculator to help students build the basic 
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images for the operations much as Cuisneaire rods are used 
today. But using the calculator extensively at this. level 
should be done cautiously. It is very difficult to determine 
the effect of a substantial curriculum change with small 
children. It often takes years before the final results 
are known. 

c 

6 ■ ' ^ ' 

THE INTERMEDIATE LEVEL 

The principal objective of the intermediate grades 
is to develop the manipulation of the whole numbers and 
the positive , rationals . All students should be guaranteed 
the opportunity to develop "need to know" levels of 
manipulation with pencil and paper. We should recognize 
that the existence of the calculator has affected these 
"need to know" levels. All students should be able to \ 
add or subtract any pair of three-digit numbers, to 
multiply any pair of two-digit numbers and to divide 
two-digit numbers into any four-digit number. When a 
student has accpmplished this goal with pencil and paper 
he or she should be able to develop the skill of handling 
larger numbers using the calculator. 

At the intermediate level, a few calculators should 
be available in all classrooms. They should be used to 
support the development of the objectives of the pro- 
gram. Because of the calculator, the. current objectives 
should undergo certain modification. To better understand 
the role of the calculator / we will consider the effects 
through examples from various strands in the curriculum. 

iN'UMERATION STRAND. Many of the concepts taught in the 
numeration strand can be supported by calculator activities,. 
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Activity Card, 
nin^ thousand thirty-five 
fifteen thousand nine |+t / 
thirty-five thousand two hundred (±1,;/ 
two hundred thousand (±C / 

seventy- two thousand three hundrq^ 0 

// 

CHECK NUMB32R 331544 



In this activity experiences in /eading large numbers 
are provided by having one student r^ad the numbers , and a 
second student enters the numbers i.^ the calculator and adds 
The input is checked by comparing ,the total with a check 
number. ' 



Experiences with large numbers^ axe^^"so^read^^ 
available using the calculator. For example, after 
experimentation in counting, the students lestimated 
24 ,260 grains of sand in a teaspoon.' Using the cal- 
culator and their estimate, they determined an estimate 
for the number of grains of sand in a gallon pail. In 
a similar experience, they found the number of times 
their heart beat in a minute and estimated the number 
of hea^rt beats since they were bprn. The calculator 
can contribute to the use and meal^ing of large, numbers. 

There are many ways to use the calculator to support 
the dej/elopment of numeration skills. The place value 
concepl'ts are obvious using the machine and there is no 
dangef in using it in this mode .• 

COMP/CfTATION STRAND. Once the student has developed 
the/basic levels of computation skill, there are many 



168 



i 

: 1 

ways that a calculator can be used to fa|cilitate the 

understanding of computation algoristns . 

i 

For example,' the student could be a^ked to use 
the calculator to fill in the "holes" in ^these algorisms: 



90 


891 


46 


54 1 1205 


O2 


-2O 


3O 




125^ 


■ 616 


2i]0 


165 


2650 






160 






—1610 





Activities such as these can be used tb teach the 
important computational ideas without interfering with 
pencil-and-paper skills. 

The calculator can often be used to effectively 
develop^ generalizations . For example^ it is easy to 
develop the zeros generalization when the student uses 
the calculator to multiply numbers by 10 or by 100, A 
few examples with the calculator replaces many examples 
with pencil and paper. \ 

» ■ . \ ■ 

The calculator increases the need for estimation 

skills. Even though a calculator user quickly \ learns 

to visually check each entry , mistakes are madel. A 

good estimator can usually recognize when, these mistakes 

are made* To increase the student's estimation |skill , 

the teacher can give an example orally, like 65 ^ 42, 

Each student makes an estimate and one student cl^ecks 

\ 

the estimate on the machine. ■ 

■ ' \ 

Many games can ^ be played on the calculator that 
also increase the eistimation skxll. For example, \try 
this with a partner. 

10 
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Hit the Target 






\ ■ 






Target 
490 ' 510 


Start Number 


15 








Operation 


X 


f 








First player: 


Enters 15, pushes 












Enters estimate, pushes X 








Hands the machine to 


opponent. 


Second player: 


Uses display from 


opponent. 






Enters estimates, pushes X 






Returns the machine to first 






player . 








Play continues until son^aone displays a nuinber 


between 49 0 


and 510. 









As the calculator becomes more common , the need for 
mental computation increases. The calculator can be used 
to support mental computation practice in the classroom. 
The teacher or a student gives a series of examples for 
mental practice like: 

( 6 + 10 - 3 7 ) X 4 

The students compute mentally. One student checks the 
answer on the calculator. 

We believe that the proper use of the calciflator 
can increase the student's computation skills and 
understanding. 

RATIONAL NUMBERS The existence of the calculator coupled with 
the change to the metric system should have more effect on 
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instruction in use of the rational numbers than on any other 
part of the curriculum. The minute students pick up a 
calculator, they are operating with decimal fractions. The 
only question is how long it will take mathematics educators 
to adjust the curriculum to respond to this change. Will we 
continue to spend weeks each year teaching operations with 
rational numbers .in r: form or will we increase the time with 

D 

decimal fractions and their operations? Only time will answer 
this question. . 

If students can operate with whole numbers using the 
calculator, they can operate with decimals as well. The 
problem becomes that of making sense out of their answers. 
Students should have experiences with the usual images for 
fractions by responding with decimal fractions. 

For example , use your calculator to determine the 
decimal fraction that is shown: 
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They should" have similar experiences with the 
number line. For example, use your calculator to 
locate points on the line for these fractions : 

» m • • ^ • ■ • . • > • 

0 , .1 .2 - .3 - .4 .5 .6 .7. .8 .9 1.0 

□ for I 

Much of the emphasis should be on interpreting 
the decimal answers so they make sense. For example, 
when sixth graders were answering a problem dealing 
with the number of buses needed to transport the 
students of the school on a field trip, their answer 
was 17.417215 because that was what they got on the 
calculator. VThen asked who was going to. drive the 
.417215 bus, they decided that they needed 18 buses. 
The calculator puts a focus on interpreting the answers. 

Of the time today's student spends on fractions, 
about 80% is spent on fractions in the ^ form and only 
about 20% on decimal representation. Since the students 
of the future will use the calculator for most computation 
and the metric system for ' measurement , the time allotments 
should be reversed. The student will always need images 
for simple fractions, but most • computatioh will be done 
with decimal fractions. 

The calculator's main advantage is in the fact that 
you can generate answers to many examples rapidly and 
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accurately. . For example, machines with the facility to- 
use a constant multiplier can be used to generate a 
sequence by multiplying by the same decimal. 



.4 


X 


200 


= 80 


.4 


X 


20 


= 8 


.4 


X 


2 


= .8 


.4 


X 


.2 


= .08 


.4 


X 


.02 


= .008 



The student's intuition and understanding of the situations 
when multiplying by decimals can be increased through this 
kind of calculator activity. 

The machines with floating decimal points make it 
easy to identify the usual difficulties with ragged 
decimals in addition and subtraction. The student who 
has 31.7 as an answer when adding 17.2 4- 1.45 better 
understands the difficulty when he or she finds the 
answer is 18.65 on the calculator. 

A difficulty with decimals has always been the 
placement of the decimal point and the awareness of 
what the digits mean. The machine can be used to focus 
on these difficulties. It is important to remember that 
on the machines, the student has no more difficulty with 
operations, on decimals than on whole numbers. This 
allows the teacher to put the emphasis where it belongs. 
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MEASUREMENT The use of the metric system and the calculator 
opens up a whole new dimension in teaching measurement.- 

For example, it is advantagous for the student to find 
the area of at least one triangle by measuring all three 
heights and all three bases and determining the area in three 
ways. In the English system and when computing with fractions 
this is difficult if not impossible. If you take the 
measurements in centimeters and compute with the machine, the 
process is easy and the generalization comes home to the 
student.. 

For a second example, consider the ease of finding the 
volume of any rectangular box if the dimensions are measured 
in the metric system and the computation is done on the 
machine. Awhole new approach is possible with the metric 
system and the calculator. The experiences not only can 
deal with real data, but can be more efficiently handled 
by combining those two resources.. 

PROBLEM SOLVING The major reason to teach mathematics is to 
solve problems. Today most problem-solving activities are 
further experiences in computation. This is primarily 
because problem-solving follows a computation unit. The 
problems are mo:^e practice for the computation just taught. 
Students should study problem-solving as a skill. This study 
should occur over a substantial time period with a variety 
of situtatiohs where decisions as to how to solve the problem 
are necessary. 
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The calculator eliminates many, of the difficulties 
the students have with the usual problems that are the 
computational type. For example, with a group of sixth 
graders, we prepared a set of 40 problems from various 
textbooks. We gave the set and calculators to 28 
students. At the end of a 20-minute period, the students 
had completed an average of 27 problems and almost all of 
the answers were correct. If problem-solving skills are 
related to the number of problems the students can solve, 
the calculator can be a real help in problem solving. 

Most of the problems that are available in text 
books are not representative of problems in the "real" 

Vorld. The data are necessarily artifiqial to limit 
the computational difficulty in the problems and generally 
these problems are uninteresting to the students . More 

' interesting problems are now feasible. 

How high would a stack of 20 billion 
hamburgers sold by the hamburger chain 
be if they were piled one on top of 
another? If you can make 600 pounds 
of hamburger from one cow, hofw many 
cows were required to produce the 
hamburgers? 

Mini projects involving experimentation, data 
collection, and real problem solving can provide worth-- 
while activity when the calculator is used. One example 
of a mini project is illustrated. 
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A teacher brought a bathroom scales, four small 
wooden hlricks., arid a jump rope into the classroom. The 
students watched couriously as the teacher positioned a 
block under each corner of the bathroom scales and, afters- 
having slipped the rope under the scales, preceded to step 
on the scales and pull up on the ends of the rope. This 
measured the teacher ' s pulling strength . Most of the students 
were anxious to try the experiment>^ themselves . . They quickly 
got into a discussion on how to coriipute the number of kilograms 
a person could pull. They agreed if a person weighed 44 
kilograms and could pull on the ends of the rope hard enough 
to make the scales read 79 kilograms, that person would have 
a pulling strength of 35 kilograms. 

After the teach-fer demonstrated the proper way to pull 
on the ends of the rope, students performed the experiment 
and recorded their weight and number of kilograms pulled. 
After the data were collected on a bulletin board chart, 
students were interested in determining who were stronger, \ 
the boys or girls. With the aid of hand-held calculators, 
the class computed the average pulling strength of boys and 
girls. The boys' average was less than the girls', sd the 
boys wanted to try the experiment again. 

One of the boys thought that the experiment might 
not be fair, since bigger students should be able to pull 
more than smaller students. This possibility was discussed 
and it was decided that the ratio of student weight to 
their pulling strength could be used to make comparisons. 
Again the calculators came in handy . ^. TheHer^atios , expressed 
as decimals rounded to the nearest hundreth^ were recorded 
on the bulletin board chart, ^tudents then computed the 
average of the ratios. Agaij^ the boys lost. 

/ 
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The boys left that day determined to spend time that 
evening thinking about how they could use the calculator 
and the data collected to prove that they were indeed 
stronger than the girls. 

The calculator should not replace the basic skills 
experiences in the intermediate grades. It is not 
necessary to have a calculator for every student. A few 
calculators or even one can add a real dimension tq the 
math activities. At this time, we recommend that the 
calculator be used to support the development of the 
objectives of the present curriculum. As people get more 
experience, we expect modification, to take palace that will 
make the calculator even more functional, but those 
modifications should be made slowly ahd with care to assure 
the basic learning for all studentsy 

JUNIOR HIGH LEVEL ■, • ' 

The guxpps^ ^a£,4:.un,lor high inathematics has not been 
agreed upon. Some teachers have felt the purpose is to 
complete the elementary programs and guarantee that all 
students can successfully compute. Other teachers have 
felt its purpose is to fjrepare students for the study of 
more advanced' mathematics . Neither of these views is 
entirely satisfactory to junior high students themselves. 
Junior high students are active, curious learners. They are 
at the age when they are seeking a purpose and reason for 
the learning of mathematics. They want an answer to the 
question, "What can I use this for?" 

The hand-held calculator as a standard piece of 
classroom equipment, has a role to play in giving junior 
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high marfehematics a new focus independent of both elementary 
and secondary school mathematics. Having calculators 
available in 'the classroom provides all junior high students . 
a means of performing arithmetic computations.^ This removes 
arithmeti-G p ro f iciency as a prerequisite to application and 
■"extnesion of mathematical ideas. Student access to the 
calculator also means it is possible to provide experiences 
in which studdnts can perceive mathematics in real and 
meaningful situations. Therefore, with the cajLculator, the 
junior high mathematics progiram should foci;us on making 
mathematics useful for all students. To better understand 
these effects, we will consider the role bf the calculator 
in regard to vari_oiLs__straiids of the program^ ..... „ , .-.L 

THE ROLE OF COMPUTATION Perhaps the greatesv: ^pefvsequence of | 
the calculator on the junior high mathema^zirca program is that 
it equalizes students' ability to pepf6rm computations. It 



bfacom^^s obvious in the classrooin^hat witlx a calculator, all 
junior high students can per^form computations with speed and 
acci^racy. The exercises below, for example, can bjle computed 
with a calculator in a matter of seconds ♦ 



36,725 3265 356 (""40296 



70,706 



4 ,029 X 427 - \54,894 

The same exercises utilizing paper-and-pencil methods 
would take aj3. long as 10 minutes for some students and 
an eternity for others. With a calculator, exercises of 
the type shown serve a very limited purpose, other than 
calculation f 6r calculator ' s sake . 

Willie the need to perform heavy computation with / 
paper-and-pencil methods diminishes with access to a 
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calculator, the' need to know when to <add or multiply 
increases. What now become important are questions 
such as / how can I use my machine. to help me solve 
this problem and what does mi^ahswer mean. 

Although the calculator removes the burden of tedious 
* 

computation, it will not replace the need for quick recall 
of basic facts, proficiency in simple paper-and-pencil 
cqmputations , or the ability to make good estimates. 

V7hen using a calculator, the ability to make good 
estimates becomes increasingly important. Mistakes are 
sometimes made. Wrong numbers can inadvertently be' 
entered into a calculator. Being able to sense the 
reasonableness of displayed computations becomes desirable. 
Many text book drill-and-practice exercises can be modified 
to became interesting estimation activities. Pairs of 
students, for example, can use a calculator and a set of 
division exercises to play this mental estimation game. 

44184 T 56 , 60507 r 486 

57426 T 102 997.80 t 12 

424742 r 53 378048 t 88 

The game starts by selecting one of , 
the division exercises. Each player 
has 30 seconds to secretly write down 
what he or she thinks the quotient is. 

Then use the calculator to see who C£une 
closer to the actual answer. 



1. • 



2. 
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The/ player whose estimate comes \; 

.■ / 

closer wins the round. 



4. Xhe first player to win 10 rounds 
/s thG\ winner. 

/ , : 

The impact of the calculator on junior high math- 
ematics proc/rams is that all students can perform basic 
computatiorys on an equal footing. The effects of the 
calculator/ on content stVands in junior high programs 
•are discussed in the sections which follow. 

/ ■ ■ • ■ 

RATIONAl/ NUMBER STRAND. The calculator and the increasxng 

emphasi/s on metrication will decimalize th6 rational 
_numbery4 and may well spell the end to complicated comp- 
utatic^ns performed with rational numbers of the form ^. 
Students who have access to a calculator are constantly 
oper/ating with decimal names for rational numbers. It is 
conynon to see students who are playing with their calculator 
pe/form operations of the types -4..1 x 3.2 = ^13.12 and 
-^.1 + 67 = 64.^. This results in exposure to positive and 
~r^fegatiive rational numbers prior to formal classroom 

introduction of the topic. 
/ The decimalization of the rational numbers means less 

time devoted to fractional numbers and more time to build- 
mc^ decimal images, understanding decimal operations, and 
applying decimals to problem situations. The calculator 
can^ be used in a variety of ways to accomplish thesis 
objectives. " Having students make their calculator cbunt 
by tenths gives them a feeling for the ordering and 
relative size of decimals. Sequences of calculator 
exor.oisas like these, can help students make generalizations 

100 ■. . 
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on how to perform paper-and-pencil as well as mental 
operations with decimals. 



1250. - 


- 250. = 


125. 


- 25. = 


12.5 


- 2.5 = 


1.25 


- .25 = 


.125 - 


- .025 = 



Problem-solving settings can be created to build 
a feeling for positive and negative rational numbers. 

Find a way to use your calculator to 
show what the temperature will be 
every hour if the temperature now 
reads 15 ''C and starts to drop 4.3 
every hour for the next 8 hours. 

Applications of decimals to real v;orld problems are 
often more motivating when a calculator is used. Students 
can, for example, measure the thickness of all the pages 
of a book, determine the number of pages measured, and 
then use a calculator to compute the thickness of a single 
paqe. When students use only paper-and-pencil computations, 
they seldom attempt to verify or extend their answers. 
When calculators are used, it is common to observe students 
measuring other books to see if there is a variance in the 
thickness of pages in different books. Some use their 
calculators to extend the problem by exploring how many 
pages >K?uld be needed to make a stack of paper as high as 
they are tall. . ^ 
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By taking advantage of the ciecimalizaticjn of the 



ritional numbers, teachers should have greater opportunities 

\ 

to create problem situations in which students can apply 
trieir unders tahdings of the rational numbers 
ities between computation with the whole . numki>ers and 
computation with decimals should make the application of 
rational numbers to problem situations easier for students. 

NUMERATION STIIAND- Many of the concepts taught in the 
imirif ration stranA take on new importance when students 
nave access to caV-Culators. A team of students , for 
example, who wanted to use their calculators to compute 
the number of kilon^ieters that light travels in a year, 
nad to cope with the limitations of their calcula,tors to 
d:.splay the product of 299,800 (about the number of 
kiioneters light travels per second) times 31,536,000 
(number of seconds in a year) . These students developed 
a renewed appreciation of our base ten system when they 
realized they could do 2998^ 31536 Q 94544928 and 
then annex five zeros to write the distanc^ as 
, 454 , 492 , 800 ,000 kilometers. 

Exposure to very large 'and small nurnbers are frequent 
i;'xpf:?riences for students using calculators. In their 
df-iire to handle large and small numbers, they see a need 
for a working understanding/of such ideas as exponents ; 
11.1 i^CicntifLc notation. /There are many calculator 
activities which support this understanding. For example 
:-tudents visually get a feeling for exponents and 
-xrionentxal growth by entering a number greater than one 
irvi thon repeatedly pushing the [xj, key. Entering 10 
and trier, repeatedly pushing the key displays the 
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decimal names for 10, 1, ~'^r and so on 



Katerma 10 and counting the times tixe. x ^ button is 
pushed gives additional meaning to wny (10 ) (10 )«10 . 
Finding a way to use the calculator to multiply 

367,000 X 37,420,000 prepares students for 

3 H 
367 X 10 X 3742 x 10 , 

By using their calculator, students gain confidence 
in their ability to handle and interpret large numbers. 

A recent publication stating that for jQvery baby 
born in the United States, our planet will eventually 
nave to provide: 

210,000,000 liters of water ' . 

79,000 liters of gasoline 

22,330 kilograms of meat 

220,000 kilograms of steel 

/ 1,000 trees 

took on a greater impact when ' students multiplied these 
figures' by-ttie estimated annxiai Increase rn the population 
of the United States, 3,759,500. Using. their calculators, 
students realized this means an eventual claim on our 
planet for: 

789,495,000,000,000 liters of water 

297,000,000,000 liters of gasoline 

83,949/635,000 kilograms of meat 
B27 ,090 ,000,OO^^^ix)tjrams of steel 
3,759,500,000 trees 

Analyzing real data with the help of a calculator is 
an excellent means of helping students acquire a firmer 
^rasp of how mathematics is useful in interpreting 
events around them. 
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METRIC GEOMETRY STRAND. The use of the metric system 
and the calculator should make the study of selected 
topics in geometry more interesting for students as 
they apply measurement and computation ideas to finding 
out about the world they live in. Decimal names for 
rational numbers and the ability to compute with real 
world data means students can experimentally develop 
many geu'etric concepts and relationships. 

For example, students with metric tapes can measure 
the circumference and diameter of tin cans and then use 
their measurements €o compute an approximation for pi . 
With the aid of a calculator, they can easily perform 
this 'activity for man^T^^^^^^ size cylinders, making 
the generalization of (how circumference is related to 
diameter more obvious -\ Metric tapes, calculators, and 
an assortment q/'coi^tainers are pieces of equipment 

to replace flat textbook drawings. 
Making a game lout of first estimating the volume of 
cardboard jboxes and computing the volume is another 
example.^ Yet another example is having students 
investigate how doubling the height or radius affects 
the volume of a cylinder. 

i'HJi-ALGEBRA STRAND. The calculator should have an effect 
on how many pre-algebra topics are taught ?nd learned. 

Most junior high students are familiar with the 
"machine" idea of a function as seen in textbook pictures 
and diagrams. Students who enter a numbear and then push 
[EI/ ^ [hi ^^'^ that given a certain input, the 
calculator can display only one output, and that the 
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output depends on the choice of the input. Using the 

X ^ 3 [=2. b, students, can enter 



calculator code 



large' and small numbqrs in the calculator and quickly 
generate a set of {a,b) ordered input-output number 
pairs . . ^ 

A variety of calculator codes , both linear and 
non-linear, are possible for students to investigate. 

a 0. 3 [3 7 [3 b 

The cjraphinq of functions also becomes more exciting 
with the use of the calculator* Students can put random 
numbers in the calculator for a [xj, 3 [=J b and see 
if the ordered pairs result in points on the same graph. 
These calculator .graphing experiences lead naturally to 
a discussion of. the domain and range of the function. 

Once students have calculator code experiences , 
they are ready for a more traditional algebraic represen- 
tation of the functions* With a little experience^ 
tudents can easily decipher a [T]^ 3 b as j 

and ^ 0 3 Q 7 b as 3 • a + 7 = b. 

Traditionally first experiences with equations use 
r.he basic -^^ ~, x, and 4- operations with whole numbers. 
VJith the calculator, students who are asked to determine 
the input number for ^ ^ Q ^ l3< '^^^ forced 

t:o use the "doing" and "undoing" ideas of .solving equations 
by having already experienced generating output numbers 
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(the doing process) , they are quick to realize that 
. 085 5 'x' 3 a (the undoing process) is the 



calculator code for solving the equation J ^ = .085» 

. Attempting to use a calculator code to' solve 
3# a+7«' a = -45 can lead students to rewriting the 
equation as 10 <^ a = ,45, thus giving a fresh approach 
to their understanding of the properties of rational - 
numbers. 

The use of calculator codes may seem 
like an unorthodox and even alien approach to pre- 
algebra topics at the junior high level. But for 
students who are still in the process of developing 
their mathematical experiences, the calculator can 
make finding out about such topics as functions, graphs 
and equations an exciting/ and meaningful experience, 

PROBLEM SOLVING. A major purpose of junior high 
mathematics is' to develop a student's problem- 
solving behaviors. 

Typically the student's exposure to problem 
situations is a textbook word problem in which the 
major tasX is to determine the appropriate mathematical 
operation— should I add, subtract, multiply, or divide 
V7ith the numbers? Since textbook problems usually 
appear at the end of a set of computation exercises, 
they are often more like a computatioii exercise than 
. a problem to be solved. But in real-life situations, 
Huch as determining what per eent of the automobiles 
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driving past the school are violating the speed limit, 
joinputation is only one of the steps in a sequence of 
problem-solving stages.. 

These stages have been identified and can be 
listed in student's words as: 

— Getting to know the problem 
— Deciding what to do 
--Doing it 

--Thinking about what you have done 

^letting to know the problem is in many cases being 
able to tjstate and recognize the problem in terms of 
the student's own experiences . Once the problem is 
recognized, the task is to put into motion a 
strategy to resolve it. For most students, this 
"deciding what to do" stage is to use computation to 

the problem. There are, however, other problem- 
solving strategies that students may need to solve real 
world problems. Using guesses, using models, using 
qraphs, using equations, using' tables , using diagrams, 
and using resources, are some of these other strategies. 

The "doing" stage of the problem-solving is putting 
into action a single strategy or combinations of strategies 
Since the "doing" stage of the problem-solving process 
•.erieraily involves computation, it's at this point that 
the calculator can make it's impact. If a student comes 
to the problem situation feeling mathematically insecure 
because of limited computational skills, this unnecessary 
intimidation diminishes chances of solving the problem 
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and greatly affects overall problem-solving behavior. 
It is also the calculator that makes the "thinking 
auout what you have done" stage of problem-solving 
possible for many .students. With the calculator, 
students are more willing to recheck and verify their 
solution and at times even extend the problem to find 
out more about the situation. 

For example, students used hand-held calculators 
to compare the populations of North Dakota and Rhode 
.Island. Knowing that North. Dakota has an estimated 
papulation of 642,000 and an area of 183,065 square 
kilometers, tJome students computed the population 
density of North Dakota and found it is about 3.5 
people per square kilometer. They also computed the 
population density of Rhode Island and found it is 
at^out 302 people per square kilometer. Students got 
a better understanding for what it's like to live in 
North Dakota and Rhode Island when they used their 
calculator and extended the problem to find that about 
55,000,000 more people would have to enter North Dakota 
for that state to be as densely populated as 
Rhode Island. 

Junior high mathematics programs should offer 
students the opportunity to improve their problem- 
solving behavior. This means there should be a greater 
emphasis on problem-solving in the junior high grades. 
The hand-held calculator will play an essential role 
m thx.s shifting emphasis. 
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THE SENIO'R HIGH LEVEL 

Roles the hand-held calculator will play in the 
high schools of the fttture should reflect the varying 
needs and aspirations of the students. Students will 
i.o considered in three categories: (1) those pursuing, 
and reviewing the most fundamental principles of math- 
ematics needed to be knowledgeable consumers and citizens; 
ij.) those seeking to extend their understanding of the 
quantitative and spatial relationships needed for 
dtijiJion-making; (3) those who will continue their 
study 6i inatuematics in post-secondary education. 

Studeats currently in the first category are 
enrolled in remedial mathematics classes in which 
Conputational proficiency is sought, but seldom 
ittainod. In the future , the goal of proficiency 
with paper- and-pencil methods can be abandoned, 
student dependence on the calculator is preferable to 
tne alternative, viz., reliance on an imperfect mastery 
,1 the computation facts and algorisms. The cost of 
a calculator itself and its upkeep is a small price to 
vry for the power gained. Very likely the calculator 
i- i.jit will ue no more cumbersome than a pocket watch. 
Ti.e nathematics curriculum for these students must, of 
ryjr;>i, be drastically changed. Students must master 
tnKt :-;kill3 in using the calculator with the basic 
.perations — addition, subtraction, multiplication, and 
uivisxorx. Complementing instruction in the mechanics of 
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using the calculator^^s. instruction in certain recording 
skills which are needed ir^ more complex/ multi-step . 
problems. Although these skills are ^prerequisites for 
further study and for life itself, tl|iey should not be 
prominent in the curriculum. Some s-jbudents will already 
have the requisite skills and others '; will acquire them in 
just a few hours of instruction'.""" 

With computation skills enhanced by the calculator, 
students are free to explore mathematical activities 
designed to build their problem-solvi^ng competencies. 
Activites should center on mathematical understanding 
as well as practical applications. Aj few selected 
examples illustrate use of the calculjator for those 
students: i 

Project: Compare the cost of 
traveling alone from Chicago 
to New Orleans by car, by bus, 
by train, and by airplane. 

Data gathering is left to the students or a team of 
students. The calculator is used to add distances > 
determine fuel consumption and costs, and so on. 

Another example shows how the students might usa 
a simple, given algorism for the calculator to soll« 
per cent problems. 
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30% of 45 is 



45 0;3O [tf ■ _ 

The display shows 13.5 
30% of. 45 is 13.5 

Complete these: . ' 

i 

30% of 150 

25% of 70 is 1__ 

Another type of practical' application suitable for 
students with, a calculator ih illustrated in this example 
of algorisraic presentation. \ 

To find fuel consumption rate. 
Enter: Kilomeiers traveled ; 

press: U • 

Enter: Liters ^f gasoline used 

Press: f=X 1 
Display: Km perl liter 
Calculate the km/liter for these i 
230 km, 21 liters^ 
315 km, 34 liter's 

A practical application typipal of many confronting 
householders today is illustrated; in this example. 
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Project: Select from a mail-order 
'""T'"" ' ' ■ ' catalog 5 items you would like to 

-£.uy. Couiplete th'e order blank 
including the postage and sales tax. 

Another exan-.ple of practical mathematics made 
functional by the advent of the hand-held calculator 
is the traditional better buy problem. 

Two 50-watt bulbs are available. 

One is rated at 500 hours and 

costa 39C. The other is rated 

at 800 hours and costs 49C. 

Which is the better buy? , 

Helping the student become a wiser qonsumer is ona of 

the greatest services mathematics /an provide the student. 

Instruction for the students in the first . category 
13 probably not best organized in traditional full-year- 
courses. Instead it may better be organized in short 
courses or units, none ey/ceeding one semester duration. 
A student could take several such courses during the 
high school years. 

Students currently in the second category, if they 
...ro m mathematics, are usually in courses in general 
or consumer mathematics. Some are misplaced in the ^ 
analysis sequence; many take the minimum courses. A 
relevent currxculum ^nd material^ is not available for 
the students xn many present-day schools. A wide variety 
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of materials are nee4^d to meet the various Interedta 

of students. These /might be' called mathematics units 

• / - • • ■ 

for general education. Many of the students will 

continue their educatipn in colleges or vocational4 

technical schools. Th^ instructional activities may 

best be organized in a variety of short courses, none 

more than pne^^semester lon^. The needs of future 

mechanics //artists , plumbers / school 'teachers , and 

retailer's/ are diverse but can be acqommodated in 

specialised courses. 



i^lified 




Uses of the hand-held calculator are 
in these illustrations: 



Foundations of Mathematics Short Course 
'Solve; 23x + 115 « 966 

The foundations studeints with their calcfulators may use 
a guess-and-test approach to solve the equation,. However 
as they encounter other ^ equations of the same form, 
perhaps with non-integer solutions/ the need for more 
sophisticated methods^ becomes apparent. The calculator 
provides the studeijits with the power to explore their 
hunches and to test /their conjectures • 



GeoiT|etry Short Course 
Use 4^he distance formula to 
find \:he length (to the 
nearesY hundreth) of the 
segment QOinmg points 
(3, 7.3) and (9.7/ 20) . 



193 

34 



ERIC 



The calculator with a square root: key allows the 
student to perform all the calculations rather easily 
and to focus attention on the geometric relationships. 

Statistics Short Course 

• Measure the length of the 
twenty pencils in the box. 
Calculate the mean and 
standard deviation of the 
lengths . . 
Materials needed: 20 

pencils of assorted / 
lengths . • ' 

The calculator allows students to perform experiments , 
generate their own data, and operate in the real world. If 
the measures yield awkward data, the student is undaxjintiedj 
the calculator can handle it. The student has more time 
to concentrate on the statistical concepts. 

Short Course in Finance 

Find how many years you must 
wait to have $1,000 if you 
invest $500 under these 
conditions : 

a) 6% , compounded quarterly 

b) 9%f compounded quarterly 

c) 12%, compounded quarterly 



194 



35 



The calculator allows the student to experience 
f irathand the effect of the ra,ie of interest on the 
doubling time. The student has a tactile and visual 
experience as well as an intellectual one. Graphs and 
tables beqome suiranaries'^of the experience, not beginning 
points.' Tedious calculations with logarithms are no 
longer necessary. 

Short Course in Finance 

You buy a car for $3500 
and agree to pay $150 each 
month. You are charged ' . 

interest -ait the annual 
rate of 12% on the balance ' 
remaining each month, / 
Prepai^'e a table showing / 
the balance remaining fqt 
each month. What is th4 
total cost of the car^' 

The problem above is quit^ manageable with a.'hand^ 
held calculator and almost im^ossiiile with penoil,i-and- 
paper methods. Because of its pi;actical relevande to 
high school age students , the problem could also be 

included in a course in Consumerism. Hera's anoiher 

I 

simple example: ! 

I 
i 

i / 
7 / 

/ / 
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Short Cours^ in Consumerism 

\ ■ ■ 

You can bi^y potatoes at two prices; 

a) 3 kc/ for 89* oir 

b) 8 k^g for $2.09, 
Because it takes longer to use, 
10%/of the larger quantity is 
lost to spoilage, wi^ich is 

\e better buy? 



The use /bf formulas is a part of every person ' s life , 
/ ' ■ 

whether it pe preparing a tax form o4 reading an actuary 
/' ' ■ \ ^. • 

handbook. /A simple example is given below: 



7 



Short /Course in Mechanics 

i 

Use £he^ formulas : i 
Amp.^rs = Volts/Resistarice and 
Wa/cts = Volts X Ampers ; 
"to calculate the amperage and 
/the resistance for these 
appliances using 110 volts. 
4-slice toaster 1600 watts 
Light bulb 
Heating pad , 
Coffee maker 
Electric iron 



60 watts 
72 watts 
600 watts 
1200 watts 



/i?h4 student using a calculator can perform all 
calculations quickly and accurately. Fear of mathematics^ 
wh,e^nr"^athematics is synonymous with computation, is 
r^moTi^ed and the student is free to work on more important 
/things. This change in focus is possible whether the 



19G 

37 



oourse ba ona in mathematics Itself or a mathema^tloa-" 

related unit in social studies^ business or science. 

The third category of student, one who will continue 
studying mathematics after .graduating from high school , 
is better accommodated by the present-day mathematics 
programs th^n students in the first two categories. 
These students typically take two courses in algebra^ 
one in geometry, plus a fourth-year course. Although 
the calculus-preparation sequence will undoubtedly 
undergo considerable change in the coming years/ the 
remainder of this pa^er will consider the effect of' thia . 
hand-held calculator „on existing courses. 

i In the first course in' algebra, students typically 
study systems of linear equations in carefully controlled 
settings. The equations^^tre written in standard form 
with two variables having integer coefficients. The 
solutions are pairs of integers or simple rational- 
numbers. The most difficult systems of equations the 
student encodnters include fraction coefficients; some 
may experience very simple equations in three variables* 
Although students may reach the level of generalization 
in which they solve systems of equations with literal 
coefficients/ it is. very difficult for them to solve many 
equations which they write for themselves or which arise 
in real-world situations. 

/ ■ 

The advent of the hand-held calculator. allows instruction 
to focus on some aspects of the topic which have px^eviously 
been unattainable for many students. No longer i^ the 
awkwardness of solving and checking systems of linear 
equations with rational coefficients an ins urmotin table 
barrier • At long last students may encounter^^ractioal 

- IS"? 1 
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applications of their study* Having reachejfl the stage 
of generalization, they may now/ iii fact, solve any 
system of two equations in two variables. No longer 
need the solutions be restricted to simple integers. 
Large numbers an4 decimals may be solutions from the 
beginning. Freed from computational restrictions , 
teachers and students may indeed focus on the concepts. 
The principles used in solving systems of linear equations 
remain the same but now the principles are functional. 
Simple guessing or graphing approaches may still be used 
to provide an overview to the topic but they will soon 
prove to be inadequate in solving, typical problems. For 
example, early in the study, the student may be asked to 
solve the system: 

2.7x - 1.03y = 28.418 
31. 4x ~ lly = 451.24 

To find the solution (57.6, 123.4), the student must 
understand the pri/nciples of algebra and operations w 
rational numbers ,/ but computation hurdles are remove 
This equivalent system is easily obtained with the 
hand-held calculator; 

29. 7x - 11.33y = 312.598 , 
/ 32.342X - 11.33y = 464. /772 / 

' ' ■ I . 

The division needed to solve 2.642x = 152.1792 is now 

easily acc/omplished in a matter of seconds, yith pencil- 

• / ' ■ 

nd-paper methods, the division would be horr^endous . 

^ / 

cannot be 
the ultimate 






Whether/the solution x =^ 57.6 is corre 
verified by inspection. Judgment must awa 
test;/does replacement of the number pair/solution in the 
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original equations produce true statements? The check 
-is no longer a trivial mental exercise, often ignored, 
but becomes an important final step pv "the process . If 
an error is detected, the student has time to correct 
it. A common type of error, computation mistakes/ is 
practically eliminated. . 

Why do graphing problems avoid the skills needed 
to solve many practical problems? Students seldom must 
make decisions regarding the scale to use but instead 
they face only simple equations such as y = 3x - 5 
where the y-intercept is an integer close to zero and 
the slope is at worst a simple rational number. Until 
the calculator was available, an equation such as 
y = 1.07x + 54.6 was generally excluded from experiences 
in graphing because of the computational difficulties it 
posed. To generate number pairs for its graph would tax 
even the most able student. With a hand-held calculator , however , 
any algebra student can quickly generate several number 
pairs and verify the linearity of their corresponding 
points. Freed from computational drudgery, students 
can graph any line. Other, more important skills will 
become the focus of the class. Even the graphs of 
higjher degree polynomials become accessible to algebra 
/students equipped with hand-held calculators. 

// Like their linear dounterparts , graphs of quadratic 
/ /functions and solutions bf quadratic equations may be 
ade more like real-^worl^ examples. Unlike when working 
ith linear models, aowe^er, the student will find that 

calculator equipped wit^ a square root function is 
specially useful. Many inexpensive calculators come 
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equipped with the square root key ; nearly ' '^11 moderately 
priced models do. One scientific model woulC meet the' 
needs of a classroom. With hand-jYeld calculatoxsr 
available, teachers and students yshould quickly move 
toward the quadratic formula as /the method used in 
solving quadratic equations. Fy4ctQring techniques and 
the completing-the-square method should be used only as 
long as nee<ied to develop the/quadratic formula. Long 
an overused and archaic meth^^d, factoring quadl^atic 
expressions should be given/little time in the ^algebra 
classroom. / 

Although the study l>f logarithmic functions could 
become an interesting uhit.with practical applications 
in an algebra course, with calculators available a 
different emphasis is nqeded than has commonly been the 
ca$e. With scientific calculators available ih the class- 
room, logarithms as computation aids are now putmo.ded. 
Computation needs are better met by the calc/ialator . As a 
mathematical model , however , the lorarithmic function will 
be quite useful to the mathematics student. 

Exponential functions are made much more understandable 
to the student with a calculator . Laws of exponents are 
easily taught inductively. Many experiences can be made 
available in a short period of time with computation done 
on a calculator. Practical applications which were avoided 
when students used tables or .logarithms now are routinely 
within their grasp. An example illustrates this poix^it. 
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Find the value of a $500 

investment after 10 years 

3 

when invested at 5^ 
compounded quarterly. 



\ Even the simple hand-held calculators can easily 
J 500 (1 + ^0|25.j40 



Scidntific models can find the answer efficiently. Even 
the j)esky zero-:exponent difficulty is more teachable. 

In the second course in algebra computation has 
seldom been a problem. Solutions have often been left 
in computational form, sometimes using non-decimal 
notatiw such as fj', e/ and expressions using radicals;, 
logarit)vms, exponents, and trigonometric syjrbols. Now, 
if it fits our purpose, with the aid of a calculator 
these expressions may easily be converted to standard 
decimal notation. The distinction between the irrational 
numbers and their decimal approximations could be a topic 
of study; in problem solvir^g, however, there is no loss- 
of utility when eight-digi/t approximations are used. 

No longer must trigojiometric expressions and 
applications be controlleji to . avoid computational 
difficulties. Simple calcialators provide more than 
enough accuracy to be use<i with standard trigonometric 
table©. Scientific model$ generate the trigonometric 
functions of radians or degrees with the press of a button 
no tables are needed. The student with a scientific 
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calculator could verify the accuracy of. conunercial tabl^8 
. and investigate fiixther the ;series used to generate them. 
By dividing the length of each' side of a triangle by the 
sine of the angle opposite it, the student with a calculator 
may intiuctively be led to discover the Law of Sines, With- 
out a calculator the computations would be too time-consuming 
to make the experience worthwhile. 

The Law' of Cosines becomes a more powerful and 
meaningful principle to the Student when it can be 
applied to actual problem solving situations. No 
combination of numbers is too difficult to handle, eveii 
on the simple models . 

The graphs of composite trigonometric functions 
become accessiblk to the student with a calculator. For 
example, y = sin x -f 2 cos x may be plotted, point- 
by-point, and its features examined. Period, amplitude, 
and frequency ma^y be\"studied inductively through many 
experiences made available through the calculator- | 

The splving of polynomial equations beyond the|. 

second degree becomes feasible with iterative techniques 

- * j 

* and a calculator. ' The principles long used to locajbe 
zeros of a polynomial become functional as the stud,fent 
applies the principles to find the roots of equations. 
Direct or synthetic substitution may be used to evaluate 
polynomial^ quickly so that even graphs of polynomials 

.with nbn-^in'.egral coef f icy.ents ar-e within the reach of 
Students using calculators. The effect of various - 
parameters can be explored with the drudgery of computation 
removed. ' - 
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Applications of coriics would not have to be fabricated 
to fit a simple mathematical equation. Actual orbits 
of planers, cross sections of headlights or roadbeds, and 
patht^of projectiles become a source of actual problems 
that students can solve. 

In geometry courses, teaching may now include more 
inductive and empirical methods. Consider this examplei 

On scratch paper, draw 10 
triangles in a variety of 
|sizes and shapes. For 
each triangle (1) join 
the midpoints of two sides 
and (2) divide the length 
of this /segment- by the 
ibngth of the third side. 
Write a conjecture based' 
on\ this e^cperience. j 

The empirical data may lead to a hypothesis which is lat^r, 
prov^id deductiveW • Another example flllustrates the same _ ; 
point. 

Draw ^ight circles of different 
sizes. For each circle, (1) draw 
two chords which intersect inside 
the circle and (2) calculate the 
product of the lengths of the two 
parts of each chord. Write a 
conjecture based on this experience. 
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' The calculator provides a valuable aid to the study 

I ^ ^ y . „ 

of many topics in analytic -geometry. Use of ratiO^na 
proportion is routine on a calculater and the s^J;^dent 



and teacher are freed to- coficeiitrate on the c<incepts , 
When area and volume computatipns are handled with a 
calc^ulator , greater attention can be giyen to units of 
measure and^to relatiqnsi^ips apion^ th^ figures. ^The ^ 
distance formula in either two- or ^J^ree-'dimerisional 
spaces becomes more functional with the aid of even a 
simple hand-held calculator. \ Apj^'li cat ions of the . ' : 
Pythogorean Theorem are routinely handled.. 

In courses where determinants are calculated, the ' 
hand-held calculator will be a valuable _aid. , Probably \ 
only wh^n programmable calculators are available would 
much time be given to evaluat:^ng determinants of the 
third and higher order. Entjries in matrices could better 
fit real-world situations ; /computational difficulty no 
longer would be the controlling factor. 

Contemporary courses or units in probability and 
statistics suffer, without the availability of calculators. 
Problems are often controlled or contrived to keep • 
computational difficulties within the grasp of students 
using pencil-and-paper metnods. Consequently, students 
have little confrontation with real-world problems ^ With 
calculators, however, students can suqcessiully find 
means, variation, and correlations of S(Bts of data of 
revelance to them. The princiA^tr.s of the course become 
the focal point. 
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As in the mathematics courses, calculators should 
be a comirion tool in many classrooms. The science teacher 
no.ilonger need bemoaiTVhe lack of computational skill . 
in science students. With calculators! available to 
handle the computation/ the science class is better able 
td deal with the , concepts of the course. Science teachers 
and mathematics teachers should be better able to correlate 
essential aspects of their courses when computation 
.concerns are lessened. 

/TT^Students in business and social studies should have 
firee access to their own or the school's calculators. 
Quantitative aspects of the courses should- gain gyeaber 
prominence with computation hurdles lowered. Examples 
from the Veal world may be used> bringing greater 

relevance to the classroom \and increasing student 

. ••' . ■ . . ' \ ■ 1 

motivation. ^ ' V - , _ • ^ 

Perhaps apeci.^ mention aho^ild be made of th¥ role". 

of the calculator in testing. \^ihce the calculator will 

\ 

become an integral part of instruction and an' indispensable 
tool„ of the students, their use should be allc^wed during tests. 
The only exception would be when the subject of the teat 
is computation itself. To not allow calculators to be . 
used^on tests in future would be as senseles3 as not 
allowing the use of pencil and scratch paper today. ' 

The use of calculators on test^ has implications 
for the, test writer. Care must be taken .to be sure that 
students use the intended technique . Consider how a 
student armed with a calculator might solve this multiple- 
choice item:^- — v ^ 
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What is the solution set of 
2.53X + l,34y = 15.017 
1.16X - 3.97y = 1.384 

A) £(7.2, -2,4)j 

B) ^(3.2, 5.4)J 

C) ((-4.8, 20.3)J 
* D) {(5.3, 1.2)J 



/ T,he student could check each of the four responses in - 
/'the two equations until the correct solution is fou'nd. 

So the astute student' could correctly answer the question 

without knowing hoii to solve a system of linear equations. 

This slightly different item is 'better suited to the class 

with calculators : 



What -is the value of x in the 
" solution set ?of 

2.53X + 1.34y = 15.017" 

l.iex - 3.97y = 1.384 • 

k) 7.2 • '. 

\ B) 3.1 

C) -4.8 



* D) ' 5.3 



r. 



I 



Of cbur,se the concept cbuld easily be tested directly 
with a short-answpr item: 

^What is the solution set of 
2.53X + 1.34y '= 15.017 " 
1.16X - 3.97y = 1.384 
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With computation needs met by the calculator, tests 
may be more comprehensive than previously and focus on 

the^' principal concepts. 

\ ■•• • . ■ • " • ■ 

SUMMARY 

■ "... 

-1^ The calculator is inevitable. ' 

a. Cost is bQlow $10 for basic machines, 
y b. . The per pupil cost is. less than . the 

present textbook costs. 
' , * c. One out of five adults already ~ 

calculator, 

d. Within a few years nearly every ad^ult 
will have a calculator. : . 

e. Every student today has a calculator 
in his; future. V . 

2. The calculator will affect 'the present curriculum. 

"a. The present curriculum is based on pencil- 
and-paper computation. A lesson that takes 
' fifty minutes with pencil and paper. may 

take less than ten minutes with a 
calculator. 

b. The existence of the calculator affects 
the computation "need to know" level '^or 
all students. We no longer need to 
spend time to try to get all students to" 
divide a five-digit number by a three-digit 
number for example. 
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c. The calculatolr., and the metric system 
makes the decimal fractions mdre 
important than the common fractions,' 

d. Many concepts can be better taught 
using a calculator. Examples include 
estimation, mental arithmetic, large 
and small numbers, and problem solving. 

The calculator is a great equalizer. Students 
who could hot learn mathematics because they 
cotild not compute can now^ learn when the 
development is supported with a calculator. 
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CONCLUSIONS 



Materials 

a. The existence of the calculator and its 
implications for the curriculum! require 
the development of new software at all 
levels . 

■ b. New course offerings that better meet 

the needs .of various suKsets^of the 
V , student population are possible becauaiia 
of the existence of the calculator. 
For example th§ dilemma presented by 
the usual general mathematics course 
may be solved when all sttidents can 
\ use the calculator. j' 
Cv New materials need to be /created *that 
focus on the development/ of general 
objectives . 



It is. not ^nough to determine 
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^ ^ if th^ calculator good or bad. 
i I 
\ Rather we ^need to find how to use it - 

I to teach concepts suchVas decimals, 

estimation, or problem solving. 

The teacher 

I a# All teachers should be encouraged to 

'\ experiment with the use of the calculator 

j i in the classroom. Experience will help 

1 the teacher make Wise and proper decisions 

1 in the future. 

itb. Teacher educators should be encouraged 
^ to use calculators in pre-service classes 

• . ■ i ..' ' ■ . 

for teachers. 

c, Inservice courses in the use of ' 
calculators to .teach mathematics 
need to be developed. Unless the r 
teacher is ready, materials wild not 
be effective. 
Evaluation 

1 a. Experimentation in the design and 

development of evaluation materials 
I using the calculator should -be included 

in presqnt evaluation efforts .^'^ 
b, Prosont papor^and-EibiiGil^ teats hqed' to 
I 'bo modified to recognize changing 

I curriculum objectives. 
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c. Evaluation instruments need to be 
developed to detjermine the 
effectiveness ofj programs using the 

calculator. | . 

■ • . I 

d. Evaluation of calculator Use itself 

will also require new instrumentation. 

I 

Parents j 

Any general change of the, curriculum should 
involve the public. As the public become 
general users of the calculator and as they . 
recognize that the calculator is being used 
to teach the basic dbjectives better, 
. support of the use of the calculator in 
schools can be expected. If this information 
is not cuminunicated , one can expect 
considerable resistance, to the change / 
the • calculator implies. : ' 

Res.earch 

*rh^ calculator itself is neither good nor 
badi, ,As with any other tool we need to 
find out when, and how it can be used 
effectively. Studies designed to assess 
the effectiveness of teaching using^ the 
* calculator with textbook materials designed 
fdr pencil-and-paper skills are likely to be 
of little value. On the other hand, 
experimental studies with specific objectives 
and with ^specific software need to be 
carried out' at all levels. These (experiments 
will give guidance, not to whether calculators 
are good or bad, but to how they can and 
shoul<^ be used. 
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aWt^D-HELD CALCUIATORS /and POTENTIAL REDESIGN \ 

/ / ■ OP . THE- SCHOOL MATHEMATICS CURRICULUM \ - 

/ / / ■ 

■■ ' , . H./o. Pollak \ 

Be ll^Lab oratories \ 
Murrayyklll, >Nev/ Jersey 

1 r ■./ 

/ •/ 'to receni/ years a number of new techniques and 



devices help wxth teaching have come along, have enjoyed 
a brief period oj enormous and somewhat uncritical enthu- 
siasm, "and then/have been added in a limited way to our 
arsenal pf available pedagogy. These Include, to name .just 
a few, programed instruction, films, modular scheduling, 
and compute^/ assist^ed instruction. It is not. entirely 
unfair to ybcall that some of ^ these were announced initilally 
by their devotees as the solutions to all pedagogic problems. 
In their/first wave of excitement, proponents included many 
glqrious things .>that. . they could do with these new techniques, 
aiid in/particular how/these could replace or unburden the 
teach^^r in .one o,r anc/ther of her many functions.* This human 
enthusiasm is perfeq/tl^ 'natural, and I do not wish to belittle 
it..' It'^is, howeveiT, Unfortunate that in many cases the mathe- 
maticians looking at these new pedagogic techniques. reacted 
in exactly the sajne unc|:itical spirit, that is, with either 
missionary enthusiasm or uncompromising disdain,' rather than 
taking a deepjsr/look at the* problem. /Por example, when the * 
wonderful new ability to make f 1 Lmn ff)r ma t^iematlcal purpones 
became easily /available -- along with suitable funding — 



many mathematicians joyoi:isly ^-jumped in. They thought; of 
all sorts of beautiful p]:|enomena they could show on film 
and they had a wonderful time. Unfortunately, and it is 
very much easier to say tlis in retrospect than it would 
have been to say it at the! time^ mathematicians did not 

choose to ask the probably '.more interesting- question : 

... . - ' .1- 

•What are the most dif f icul*;:pedago^ problems we have . 
in mathematics education anQ how can films help us over- 
come these? If we ^had stopped to consider the problem 
from this angle, we might have made films on conditional 
probability or curvilinear motion, or. even a brief 
segment of animation . to help with'>that nasty problem of 
the- volume of, intersection of 'three mutually perpendicular, 
cylinders^ rather than making ifilms on area and limits. 
The latter are perfectly fine topics, but It is not clear 
that' there is much marginal ^-.ga in.: for film over a black- 
board.' In hindsight, we mighct have heavily . emphasized 
'three dimensional and -motion problems in our films 
that^s where the blackboard really carl « t compete . . 

We find ourselves at this time with the great 

- i 

opportunity^, opened up .by another pedagogical, technique, 
another device to help 'us with our teaching, namely the 
hand-held, calculator. Once again it is perfectly natural 
to discuss all the glorious things that you might be able 
to^ do, and all the ways in which some functions of the 
teacher might be replaced. Not unnaturally, given the 



previous paragraph, I should like to urge consideration 
of the other side of the coin,;. What are some of the most 
difficult problems we have in teaching school mathematics 
with which the calculator might help? Tp keep you from 
reaching the immediate prediction that this might be the 
empty set, let me give an example, I am -told that we 
often have great problems in teaching the notion of a 
function . It is difficult for the students to get a 
clear 'hold of the fdea that what matters ('in the simplest' 
case) is that when a number goes in,' a single number comes 
out, * in- fact the same number every time. We try to get 
the students to realize that, any way of describing how 
the number that comes, ^out is related to the number that 
goes in is perfectly fair game, and leads to the same 
function. For example, we may describe the function by 
a table, or by a graph, or ^as a^-^ory in words, or by a 
fomula, or by an arrow diagram, or^^ .various other 
things that people have tried/ I think that^one more , 
useful device, in this collection will turn out- to beHhe 
hand-held calculator: function can also be described 
by a fixed routine which you follow on the hand-held 
calculator, a determinate series of buttons to push and 
'things to do at the end of which the number you want 
comes out. The calculatq^r approach may also help to *' - 
prevent the mic.concep tlcn^ thai a'funcMon is a formula. 



This may seem like a relatively small improvement, 
although I believe strongly that the physically active 
nature of this . approach will make it the best approach to. 
functions for some, students. However, in a particular - . 
piece of the problem, namely that of inverse functions, 
I can see the possibility of a real improvement for every- • 
body. My impression is that our analytic ways of describing 
inverse functions have of t^'n gotten bogged down in notation 
and have been difficult for many students. After all, the 
statement. "g(f(x) ) ^ x is a little much for the student who • . 
is still very uneasy about f(x) itself. Reflecting the 
grg-ph across the line y ^ x is also difficult for those _ 
students who are struggling with variables and what theyl 
mean at the same time they are fighting the f (x) notation. 
The hand-hBld calculator provides an opportunity for the- 
stuaent to understand inverse functions by actually 
experiencing the process. The original function starts 
out with a number and gives, us a second number. The 
inverse function takeis second number and gives back 

the original.,- -i^ou can, of course, see this Immediately 
if\^the 'use of and y^x keys, of t^^he exponential and 
logarithmic keys, or the keys, for various direct and 
Inverbe trigonometric functions. But there are many 
fancier but revealing thingii you can do. Tho inverse 



is . .,• . 

x = i-(yV3+3). 



The inverse to 



y sm 



1+x 



is 



arc sin y 



1 > arc sin y * 



My hunch is that if students experi/^nce the transforma- * 
tlon of numfeers by such pairs of programs on the hand-held 
calculator and see how it all comes out they will get a good 
understanding of inverse functlpns/ one that is hard ta 
obtain any other' way . . <; - 

Besides the are&s associated with the understanding 
'of functions there are many others which immediately come to 
mind ia.which the hand-hBld calculjator. might lead to real 
pedagogic adva^ntagesy To name a few., we might now be better 
able to teach iteration methods for solving simultaneous 
linear equations, or, late^ on, some more general . nonlinear 
e.5.uations. In the/ learning of probability, the hand-held 
calculator might /greatly iri^rease the variety o'f experiments 
• which can be the source of data to he studied and used as 
illustrations 4 in practical tat is tics, data analytic 
computation^ might become more accessible. Ho^ might linear 
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programining,. This list is not meant,. to convey any lengthy 
consideration of the subject'. It is Gimp]y to confirm the 
notion that there are pi oably many mathematical topics 
with real pedagogic difficulties where the hand-held 
calculator 'ktgb,t help. 

If farther reflection indicates that a rich 

■ ■ ■ \ 

variety of such opportunities actually exists -V as I 
believe it does -- this opens up ^the possibility \to 
rethink -the curriculum In a much broader sense. I\belleve 
that the curriculum should be based in a fundamental way 
on twojpartial orderings, one of which iG. essentially \ 
supplied by the discipline and the other by society. The 



partial 
and of 
matical 
of the 
the exp 
house t 



orderings I have in mind are thooe of prerequisites 
importance. - It is in many casea true that one mathe 
topic really has to precede another, and the design 
curriculum must take this into account.. It is up to 
3Tts on Jthe mathematical and pedagogic sides of the 
D make ^clear the existence of such pr^requlslties. 



although it is' worth pointing out that these experts some- 
times change their minds .'^ for example, we had always 
assumed that work with fractions must precede any., work on 
probability. When we. finally realized that probability 
Is perhaps the best available motivation for work with 
fractionA, we began to e^xperiment^ tieriously wlWi^the 
opposite lorder. 'This doer, not, howev(a\ detract from the 
point: L^tjre Ls among matliomatlcal Loplc^ti, t)r clut^tera 



217 



of topics, a partial ordering of prerequisites. Within a 

cluster, different orders may Indeed be practical. The 

second partial ordering, as I have indicated, is one of 

importance. There are some mathematical ideas, topics^/ . 

techniques which are more'' nearly essential than other;^> for 

the population as a whole For example, to take a simple,' 

but not altogether untimely, case, T would maintain that 

^probability is more important for the population at large 

than the div^lsion of ^polynomials . Unf ortunatelyVr^ot verjr ; 

long ago we taught division of polynomials in the Q ' ^rad<e 

t- ' 
and did not teach probability until much later if at all. 

\> • ' • ' '■ ' ' 

Division of polynorriials is probably needed for th^ first 

j:ime for partial fraction expansions in se^grtd year calculup 

(that'^s the prerequisite side of- the argument) and not very 

important in its own right; p rob ab i 1 ity^ls . probably needed 

s V y 

for the first time in thQ elernentary school and is endrmounly^ 
important for everybody. Of cburpe, these were probiibly nol,^ 
common opinions when the traditixjnal mathematics curriculum 
becani;e solidified. But societal needs, and sQcletal vlowD, 
of the mathematical 'sciences , have a way of changing, and 
they influence the mathematics curriculum throijgh thlr. 

second partial ordering of importance. ' 

If my views on thQ pedagogic p^otisibllltlOvT of 
the hand-held calculator are realistic, then hand-he Itl 
calculators can... have a major effect cm* both, tho partial 
order Lngs m\ have been diiicuss tru^ . The* ability i(> IwtnUlM 

-2,18 



numb^ers and functions^, and algorithms in new "wayn vjill ^ 
loosen and even alte*r some of the prerequisites we have 
always 'believed . We will be able to use the ability to 
work -with division o'f numbers an'd with trigonometric 
functions and with exponents and logarithms as motivation 
for a- deeper study of thesB' topics, rather than having to 
insist that the study must precede any; practical- use of 
the "functions and techniques. Not that we will nec.essarily 
always want to do this. However, the ponaibiXity of-., 
inverting the order of experiences giveo us a flexibility • 
to reconsider much of the curriculum. Similarly, the 
hand-held calculator may allow us to take up a number . of 
topics early, topics which are of great importance to 
yarious populations but Which we have not been able to 
approach''-previously. These are, for example, some of the 
mathematical topics which we mentioned previously and with 
which we have had pedagogic difficulty in the past. To 
mention just one, if some rudimentary ways of looking at 
data are more important to everybody than factoring., then 
we can with the, aid of the hand-held calculator perhaps 
do data analysis earlier "and more successfully, and demote 
factoring to a less prominent position^ 

There is no obvious single way in which the 
community which plans for education in the mathematical 
sciences must organize itself to take advantage of the 
new opportunities deriving from the easy availability of 
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hand-held calculators. Let me^ however mention just one 
possibility. It might be sensible to -have a conference, 
in the general pattern and scale of the Cambridge 
conferences during the previous .decade, to reconsider 
the school curriculum witl^. this new point of view' in 
mind. I am not saying that the same mix of backgrounds 
of the participant^ in the variou-s Cambridge conferences 
is necessarily optimal; in fact/ we will need, a greater 
proportion of people knowledgeable in 1:he many aspects 
of matheiuatics education that the first Cambridge con- 
ference included., However, a month. in some relatively 
secluded spot, with day- , and night-long churning and 
bubbling of ideaSj,^is not a bad way to proceed although' 
admittedly nontrivial to organize. Out of such a 
conference could come a blueprint to help guide the 
pattern of the evolution of education in the mathematical- 
sciences for the near future. 
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What should be the nature of school mathematics cgurricula vis-a-vis the 
calculator^ and its instructional potential? . 

There certainly is no simple, single answer to that questioh. And it is * 
just as certain that ultimate answers to the question must come in no small 
measure from research, viewed broadly in the sense that "Research is controlled 
inquiry" (Suydam & Weaver, 1975a) . Before considering particular aspects of 
such research, I wish to clarify several things. 

. What Is a "Curriculum?"; 

I have adopted Kieslar & Shulman's (1966) characterization .that "a cur- 
riculum refers to the organization and sequence of a subject matter in which . 
statements about that subject, methods of teaching, and the activities of the 
learner are intricately interrelated to form a single entity (p. 19(5]. " This 
is the sense in which Romberg & DeVault (1969) used the term curriculum in 
their exposition of a model for math*ematical curriculum research, as portrayed 
by Figure 1: , ' 



Social 
Context 



Learner 



Matlu'niatiL'S 



± 



Mat)ieiimtieal 
Kxpciicnce^i 



Teaolier 



Iiislruclion J 



Figure L Mathematical curriculum research model. (Romberg & DeVault, p. .96) 



^ Throughout this position paper I have used the single word calculator to 
mean particularly the '^miTii" or "hand" or "hand-held" or "pocket" electronic 

T 

calculator that is of express interest in this project. 
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This interpretation is chosen deliberately because it emphasizes both the 
0 - .. , ...... ' ; ^ 

scope and interrelatedness of factors that need to be consi.dereel in connection 

with research on school mathematics; which includes research pertaining to the 

use of calculators. A similar stress upon scope and relatedness of factors Is 

evident in DeVault & Weaver's (1970) framework for discussing major Issues 

' (Figure 2) and principal forces (Figure 3) associated with elementary-school 

mathematics, which can be extrapolated readily and validly to higher levels bf 

pre-col lege mathematics. — - 

I believe that the expression "a school mathematics .curriciilum" commonly \ ^ 

'V* ' ■ . 

is interpreted, even in the.Kieslar & Shulman (1966) sense, to embrace one or 
more grades. However, I find it convenient— and not at all improper--to apply 
the term curriculum more flexibly to include a "single entity" that is of much 
shorter duration: e.g,, a curriculum associated with the addition of non- \ 
negative rational numbers expressed in common-fraction form; or a curriculum 
that is implicit in a particular 20-minute "lesson" with second-grade pupils. 

It is wUh this more flexible interpretation clearly in mind that I chose 
to' phrase my overriding question as, 

"What shoiild be the nature of school ^ mathematics curricula yls-a-vis the 
calculator amd its -Instructional potential?" 

This is no longer a_ question. Rather, it is a host of questions! 

Potential Impediment to Productive Research 
"The only thing we have to fear is fear itself" (Roosevelt, 1933). 
The greatest thing we have. to fear today about the calculator vis-S-vis 
school mathematics curricula is the degree of fear that already exists about 
the calculator vis-a-vis school mathematics curricula. If you will forgive a 
mathematical punj The nontrivial degree of this fear iSMn no way simply 
imaginary, and can be a very real threat to productive research. 

There is clear evidence of this fear in the very nature of many of the 
^ uses suggested for calculators in connection with school mathematics instruction 

ERJC . 224 



\\ 



I. Why should wc 
tench niathcinatics 
in the elciuciuary 
school? 



I low shouki wc 
organize and* sc- 
i]uence the inathc- 
niaiics wc teach? 



z. VVliat luathcinacics 
should we teach 
in the clcnieni'-.iry 
sciiool? 



4, How should wc 
organize and 
iniplcineni in- 
struction? 



Figure 2/ Major issues (DeVault & Weaver, p. 95) 




Figure 3. Principal forces (DeVault & Weaver, p. 96) 
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and in the caveats accompanying those suggestions. Let me illustrate. 

Consider first the following "position statement" developed by the Instruc- 
tional Affairs Committee (AIC) of the National Council of Teachers of Mathemat- 
ics, (NCTM) and adoptfed by its Board of Directors in September 1974: ^ 

With the decrease in cost of- the minicalculator, its accessi- 
bility -.to students at all levels is increasing rapidly. Mathemat- 
ics teachers should recognize the potential contribution of this 
calculator as a.-valuable instructional aid. In the classroom, the 
minicalculator should be used in imaginative ways to re.infprce 
learning and to motivafe the learner as he becomes proficient in 
mathematics [underlining added]. (See "NCTM and the minicalculator" 
in the"^ List, of References,) *• 

. This innocuous statement--strikingly unimaginative in contrast to its eiTb 
phasis upon the imaginati\/e— aidmittedly "is only a first step in looking at a 
.new topic [f) in mathematicseducation." (Additional suggestions from NCTM'? 
lAC are to be published in the January 1976 issues of the Arithmetic Teacher 
and the Mathematies teacher . ) But I find it more than a bit disturbing to See 
such a milquetoasty "position statement" welcomed by many as gospel. Buck- 
waiter (1975), for instance, mentioned that "authoritative word camevddwn from 
the National Council of Teachers of Mathematics, With remarkable foresight,^ 
it pronounced the calculators a valuable instructional tool and predicted^ y 
they're here to stay [p, 13]," ^ 

More recently the President of the NCTM (Gibb, 1975) has expressed the 
following point of view: 

How can the calculator be used as an instructional aid to en- 
hance learning beyond what we might otherwise expect? . , . . One 
guide for us all . , . is that we not use the calculator until our 
iStudents have developed a concept of number, a system of naming 
numbers, and an understanding of the meaning and processes of the 
basic operations — that is, until our students understand what the 
calculator is doing for them. ... Creative use of minicalcula- 
tors after students* mathematical understandings have been ab- 
stracted . . . can establish it as a valuable asset among the in- 
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■» structional devices already in today's mathematics classrooms. / 

As I scan the relevant professional and technical literature, I find this 

point of vilw to be taking on the characteristic of a reverberation. Judd 

(1975), for example, cautions that 

students must h'ave a good .background in manipulative math experi- 
ences before t!hey can understand the inputs and outputs of the cal- 
culator. So- it behooves us all to be very careful about putting 
calculators in the hands of children who do not yet possess a con- 
jCept of numbers and their relationship to the real world. . . . 
' Don't, in short, put a. calculator in the hands of a student before 
he can use numbers to describe actual events, or before he under- 
stands the naiiire of the processes basic-to arithmetic. Only af- 
ter the students , understand the meaning of the functions they are 
performing should they be given a magic box to carry them to com- ^ ^ 
pletion [p. 48]. 

Grosswirth (1975) believes that '^Unless their use is carefully monitored by 
teachers and parents, HHCS [hand-held calculators] can become a mathematical 
crutch on which poor or lazy students lean, to the detriment of their intellec- 
tual and mathematical development [p. 95]." 

I sense that apprehensions' are most acute at the elementary-school level 
and become progressively less acute at the middle- and secondary-school levels. 
As Grosswirth (1975) has indicated, "Philosophical questions introduced by HHCS 
are of minor significance at the college level [p. 9(J]." 

To many persons the calculator threatens to violate certain tenets regard- 
ing school mathematics learning and instruction--tenets that are adheredto more 
tenaciously than I might have expected. Suggestions for calculator uses are 
made within the constraints of those tenets (allowing for a comfortable margin 
of safety), and any research that might be implicit in such suggestions would 
be similarly constrained, 

Some other persons, howe\/er, appear to be willing— possibly even anxious-- 
to ^suggest calculator uses that may challenge certain of our cherished tenets. 
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A striking Example of this is found in the recently released report (1975) of 
the National Advisory Committee on Mathematical Education (NACOME) , of the Con- 
ference Board" of the Mathematical Sciences (CBMS). In the section of the re- 
port that deals ex^Xfessly with calculators we read: 

while students will, quickly discover decimals as they experi- 
ment with calculators, they will also encounter concepts and opera- 
tions involving negative integers, exponents, square roots, scien- 
tific notation and lar^ge numbers — .all commonly topics of junior 
high school instruction.^ These ideas will then be unavoidable 
topics of elementary school instruct iqti. For instance, students 
may discover from the calculator thaty the prpdudt of two negative 
numbers is a positive number ^nd computational facility with inte- 
gers (using the calculator) will preicede , rather than follow ,, the 
careful conceptual development of^ these ideas Q). 41 underl ining 
added!. 

. I - ■ 

This last sentence obviously is in marked conflict with the more commonly 
held, more conservative position adaj^ted by the NCTM and expressed by its 
President and by numerous other persons--a position characterized by EtHnger 
{1974)^as "the pure-pedagogical view" in which "the calculator must not be used 
to replace leajrning, but rather ta facilitate leaipning" and in whiGh "The elec- 
tronic calculator will be a learning tool in the school programs as are the 
abacus . . .\ Geoboards or Cuisenaire rods [p. 44]." 

I 'Can appreciate why some organizations and persons take the relatively 
cautious stand they do. But it would be a serious mistake if research on the 
nature of school mathematics curricula vis-a-vis the calculator were restricted 
to treating it simply as another (albeit powerful) instructional device, tool 
or aid, and if that research failed to be influenced to some nontrivial degree 
by NACOME' s (1975) contention that "The challenge [of the calculator] to tradl- 
ditional instructional priorities [and practices] is clear and present 4r|.** 
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Calculator-influenced School Mathematics Curricula 
Figure 4 suggests that calculators may have different kinds or desjrees of 



influence upon school raeuhematics curricula. 




SCHOOL MATHEMATICS CURRICULA 



CA: Calculator-assisted. curricula 



CM: Calculator-modulated curricula 



CB: CaVculator-based cura'cula 



Figure 4. Calculator-influenced school mathematics curricula 
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There are some things for which use of a calculator is inappropriate, such 
as curricula'^associated with aspects of nonmetric geometry. 

I have chosen the expression "calculator- assisted " (CA) to embrace all in- 
stances in which a calculator is^ used in some way in connection with a curriculum. 
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The intent of CA curricula, of course, is to facilitate instruction. Thfs fa- 
cilitation comes from use of the calculator itself and at t'imes may be enhanced 
by some special feature of the calculator. Consider, for instance, the work- 
sheets reproduced as pages 9-10 of this manuscript. " 

These are among the worksheets I used recently with two classes of third- 
gr^ide pupils as part of our work with unary operators, in which we first took 
a "Guess and Test" approach to solving/examples of the forms 

. ■ . Q -1^ b 

and □] ^, » b ■ 

where a and b were whole numbers^of the magnitudes illustrated. The usa 
of calculators clearly facilitated this work. Furthermore, the facilitation 
. is enhanced when using calculators with an "automatic constant" feature, in 
which th^e operator "+a" or "-a" for a particular example needs to be entered 
into the calculator via the keyboard only for the first of the guess-and-test 
trials. This CA approach led, to the use of the worksheet reproduced as page 
11 of this manuscript, where pupils developed an inverse-operator approach as 
a more efficient way of solving examples. In effect, pupils used the follow- 
ing equivalence relations involving^ unary operators: 

. . " □ __±1h. b ^ b 0 

and □ — ^ b ^ b — !^ Q. 

Again, the approach was CA: calculators were used to solve an example after 
transforming it to an equivalent inverse-operator form; then calculators were 
used to verify the solution for the example as given originally. In all of 
^ this work the use of calculators was not necessary ; but the CA mode of instrjuc- 
tion clearly was facilitating. Also, the calculator's "automatic constant^' 
feature definitely enhances that facilitation for the guess-and-test prcJcedure. 
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4 



LU 




+476 476 
— > 871 ***** 871 * 



+783 ' - 783 
^ 1306 ***** 1306 



C 



+ 695 



1542 * * * * 1542 ■ 



549 549 

' » 413 * * * * * 413 y 



■278 278 
__ ^ 535 ***** 536' 



-793 



-> 367 ***** 367 



G 7 



+584 



-> 1000 * * * * 



-485 



■> 1000 * * * * 



12 



Just in case , you are curious, examples such as □ ^^^^ » 385 were used dur- 
ing the course of instruction!^ 



^ These worksheets are drawn firotn iny ongoing' third year of activity per- 
taining to calculator-influenced explorations (Weaver, 1976), begun during the 
1973-74 school year and continued during 1974-75 and into the current school 
year (1975-76). This present activity places a major emphasis upon unary 
operators , following some previous years' work with this approach as illus- vl / 
t rated by the worksheets reproduced as pages 13 and 14 of this manuscript.. 
The calculator-influenced explorations are a direct consequence o. the in- 
vestigations 1 isted as "References: Supplement C." 
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Calculator-modulated (CM) curricula , I shall use an illustration at the 
outset to explain my interpretation of CM curricula as a proper subset of CA 
curricula. 

There is no doubt that .suitable types of calculators can facilitate 
greatly the evaluation of polynomial functions such as the following cubic in 
which coefficients are understood to be rational: f(n) = an^ + bn^ + cn + d. 
At first sight it would seem that a calculator' s key would be useful in 
connection with the n^ fagtor of the first term. But use of this key triggers 
an internal processing that involves logs, and "x logy" is undefined for 
y < 0. Yet it is highly likely that f(n) is to be evaluated for values of 
n < 0 as well as for values of n ^ 0. What to do? 

Some algebraic transformation of the function must be made so that use of 



the is circumvented. Ope possibility is f(n) = an(n^') + bn^ + cn + d. 



since can be evaluated in one or more wa^ys without using a |y^| key. The 



preferred transformation^vis-a-vis a calculator, however, is one involving a 
nested parentheses format: f(n) = ((an + b)n + c)n + d. This format general- 
izes readily to functions of higher degree—e.g., f(n) = an^ + bn^ + cn^ + dn^ 
+ en^ + gn + h = (((((an + b)n + c)n + d)n + e)n + g)n + h— -and is especially 
effective as the basis for iterative calculator algorithms. For instance: 
^ee page 16 of this manuscript for one such illustration in which a repeated 



^use of the key is circumvented effectively. (Although the HP-55 is pro- 
grammable, a manually keystroked algorithm has been illustrated.) 

This, is but one of a nontrivial number of instances in which it is de- 
cidedly helpful, or even necessary, to modulate curricular content to confonii 
to calculator characteristics (features, limitations, etc.). In these cases I 
refer to CA curricula as being more particularly CM curricula. 
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HP-55 User Instructions " / 

Evaluation of f(n) = an^ + bri^ + cn^ + dn^ + en^ + gn + h / 

■ r I ' - 

= (((((an + b)n + c)n d)n e)n + g)n + h /_ 
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Galculator-based (CB) curricula. There is a sense in which any instruction 
.pekajning to the calculator itself is calculator-based (CB). But I shall 

erJc ' 



. . . 17 
illustrate another sense in which CR curricula may be encountered. ' 

r 

Imagine students who have no knowledge of logarithms but who know that num- 
bers such as 1, 10, lOO, 1000, etc. can be expressed as. integral powers of 10: 
10^, 10^, 10?, 10^, etc., respectively. Imagine, too, that these students can 
use calculators having a | 10^1 key and that they are confronted with the follow- 



ing question (for the first time): Can a number such as 580 be expressed in 
exponential form to the base 10? 

5 

It is not far-fetched to expect that these students might reason that 
100 < 580 < 1000, or 10^ < 580 < 10^; and since 580 is about half-way between 
10^ and 10^, 580 should be about 10^-^. Use of key [W] will show that lO^'^ 



is approximately 316.2278 (to four decimal places), which clearly is not 'feibout" 



580. But using key | 10^ | in connection with a guess-and-test procedure, the 
following sequence of increasingly more precise approximations may be gener- 
ated rather quickly: 

10^7 < 580 < lO^-Q 
10^-^^ < 580 < 10^- 7^ 
102-763 < < 10^^76^* 
10^.7634 < 580 < 10^.7635 

etc. r— 
Work such as this should lay an excellent conceptual -foundation for students 



when ultimately they keystroke "580 | logj " and see displayed 2. 76343 (to, five 
decimal places). 

The work just described clearly is calculator- based (CB). Instruction is 
more than assisted or modulated by the calculator: it is dependent upon the 
calculator; thus, CB. 

The distinctions between CA, CM and CB curricula may be somewhat hazy-at 
times, but that is not crucial. The Jistinctlons are intended to emphasize 
that calculators may play somewhat different roles in relation to mathematics 
curricula, and that research should not be unmindful of such differential roles. 
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Prior and Ongoing Research 

The very newness of calculators provides little of a research base upon 
which to build. For instance: Annotated research 1 i stings for the f^ve cal- 
endar years 1970 through 1974 (Suydam & Weaver, 1971. 1972, 1973, 1974, 1975b) 
include a total of 444 journal reports and 1,443 doctoral dissertations that 
were judged to have relevance for mathematics educa>tionJalthpugh these two 
categories of documents are pot disjoint). Only SIX. investigation^ from the 
five years' listings pertained to .calculators— see "References: Supplement A" 
—and most of these were concerned with deslc-model rather than "pocket" or 
"hand-held" calculators.^ When the annotated listing for calendar year 1.975 
is compiled, more calculator investigations are bound to appear; but there 
still will be no plethora of such investigations reported. 

The extent of ongoing research is very difficult to assess; this also is' 
true of the nature of that research. We are given hints from the brief prog- 
ress reports released by some projects (e.g., Kessner, 1975; Barrett & Keefe, 
n.d., for the project announced by Hawthorne, 1973) ; but by ^nd large we have 

precious little information— and none of it definitive—regarding the extent 

■ t 

and nature of ongoing research. 

Thus, my approach to a consideration of needed research on calculators 
in relation to school mathematics curricula has been literally from point zero. 
Over time we may see that findings from some of the ongoing research give at 
least partial answers to researchable questions that I shall raise. But at 
the present I have raised such questions without being able tobuild upon a 
body of findings from previous investigations, as we so often are able to do 
in many areas of mathematics education research. 



^ The recently released monograph (Callahan & Glenndn., 1975) that is the 
fourth edition of "A Guide to Current Research" pertaining to elementary school 
mathematics includes reference to no investigations involving calculators. 



Some Needed Research 

\^ The National Advisory Committee on Mathematical Education (1975) has sug- 
gested that "Despite the obvious promise of calculators for enriching mathe- 
matics instruction, important questions of their optimal use must be investi- 
gated by thorough research: 

When and how should calculator use be introduced so that it 
does not block needed student understanding and skill in arith- 
metic operations and algorithm^? 

Will ready access to calculators facilitate or discourage 
student memory of basic facts? 

For which mat^hematical procedures is practice with step- 
by-step paper and pencil calculation essential to thorough un- 
derstanding and retention? • . . - 

What types of calculator design — machine logic and dis- 
play — are optimal for various school uses? 

What special types of curricular materials are needed to 
exploit the classroom impact of calculators? 

How does calculator availability affect instructional em- 
. phasis, curriculum organization, and student learning atyles in 
higher level secondary mathematics subjects, like algebra, geom- 
etry, trigonometry, and calculus? jj3p. 42-43]" 

Other rese,archable questions are implicit in the NACOME report* s discussion of 
calculators. ^ 

There will be some understandable overlap between the NACOME report ques- 
tions (explicit and implicit) and those I now shall pose, although the two 
sets of questions were developed quite independently of each other. 



1. In relation to students* work with mathematical problem situ- 
ations and applications for wnlch numerical calculations are necessary, 
what will be the effects of delaying (or eliminating?) the introduc- 
tion, development and reinforcemen\ of pencil-and-paper algorithms in 
favor of the introduction, development and reinforcement of calcula- 
tor algorithms? \ 

The improvement of students* ability to cope effectively with mathemati- 
cal problem situations and applications is the y?aison d'§tre of school mathe- 
matics curricula. Computational facility in and of itself has no validity 

whatsoever as a ciirricular objective- (This is equally true of facility in 

j ■ , ■ . ■ 

algebraic and oth4r symbolic manipulations.) Pencil -and-paper algorithms are 

I - . • . • 

means to ends, not ends in theqiselves. Are calculator algorithms^ "better" 
means to the same ends? 

Figure 5a (manuscript page 21) suggests an all too commonplace practice 
which I shall illustrate within the context of whole-number multiplication. 
Assume that students have worked with factors less than 10 and now are con- 
fronted with multiplications in which one of the two factors is greater than 
nine. We draw upon A and B of Figure 5a to develop C— one or more pencil-^ 
and-paper algori thms--and then use C in connection with D. This is an unfor- 
tunate progression in that the focus of attention is upon C--use of an algor- 
ithm— rather than upon A— use of an operation and its properties (as needed). 
When we move on to instances in which each factor, is greater than nine, we a- 
ga in draw upon A and B to develop C; then, in connection with D, the focus of 
attention is upon using £— an algorithm . An unwanted conseqtle'nce of all this 
is that students all too often very likely look upon these two problems 
What is the cost of eight 13-cent stamps? 
^ . and ^ 
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What is the cost oi twenty-five 13-cent stamps? 
as different- -rather than alike— because somewhat different algorithms commonly 
would-be used in effecting the multiplications. 

If a particular calculator were used to solve the two problems, however, 
precisely the same calculator algorithm would be used for each problem; and 
that algorithm is so simple and direct that there is virtually nothing to di- 
vert students* attention from A to D directly. It is much more likely that 
students would view the two problems as being alike rather than different- 
Figure 5b (manuscript page 21)' suggests this desirable more direct rela- 
tionship between A and D, with an option to introduce, develop and reinforce 
C to some degree at some point(s) in time with some studehts in connection 
with some curricular content, ultimately using C in connection with D. 

Taken together. Figures 5a and 5b suggest a wide range /of potential re- , 

J 

search on that which I consider to be a very crucial • question -pertaining to 
school mathematics curricula, a question with affective as well as cognitive 
implications, a question that must be related to the various components of 
Figure 1 (page 1 of this manuscript): 

In relation to students' work with mathematical problem situa- 
tions and applications for which numerical calculat4ons are neces- 
sary, what will be the effects of delaying, diminishin^X^or elimi- 
nating th$ introduction, development and reinforcement of pemcil- 
and-paper algorithms in favor of the 'introduction, developmenK 
and reinforcement of calculator algorithms? \ 

But there is a hidden assumption in that question that raises another question 
—one that mustbe answered to some degree before making an extensive attack 
upon question #1. ^ 
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2. HoW---and how readily andjiow welN--can students learn to 
use calculators effectively and efficiently in connection with par- 
ticular curricula? , ^ 

The preceding question tacitly assumes that students will have little or 
no difficulty in learning to use calculators. This may or may not be trtre 
depending upon what is meant by using calculators. I believe this is a non- 
trivial point that needs more than passing consideration- 

First, recall the different languages or logic schema that are used to 
enter and process data. The princip'al ones may be summarized as follows: 
1 - Arithmetic or "commercial" logic (ArL) 
. ^ ' : 2 - Algebraic logic (AgL), • 

2.1 - With no operational hierarchy (AgL-No) 

12^2 - With a mul tipl ication (or di vision )- before-addition (or 
subtraction) hierarchy (AgL-M/A) 

3 ^ Reverse Polish notation (RPN) with an n-level operational 

^\stack • r 

Certain of these language differences are reflected in even the simplest of 
calculator calculations. Refer, for instance, to equation types 1-4 of Table 1 
(page 24 of this manuscript). ^ 

Given an AgL calculator (either AgL-No or AgL-M/A), the following routine 
or keystroke sequence is a generalized calculator algorithm applicable to 
equation types i-4: 

a [V] b 0- 

Given an RPN calculator, a generalized algorithm for the same equation types 
is: 



a ENTERf b V 



There is' no generalized algorithm for equation types 1-4, however, in the case 
of an ArL calculator. 
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TABLE 1 
$,pme Simple Equation Types 
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Moving to equation types 5-36 (Table 1), more than calculator language or 
logic must be taken intp consideration, I shall illustrate this with 

625 - (19 X 24) = n h,. 

which is a specific exemplar of equation type 27 and might have been derived 
l^rom a "word problem" such as this: 

■j • . * , . * 

, If I have 625 lollipops and sell 19 packs of 2H lolli- > 

/ • 

' , pops per pack, how many lollipops will I have left? 

Without a calculator, a student very l^ikely 

2H 625 

would execute a sequence of two pencil-and-paper x 19 ~H56 

215" 169 

.calculations much as shown at the right in order 2H0 
to solve that equation or problem. 

But how would a student solve the problem with a calculator? One ob- 
vious thing would be to follow the.same two-step sequence, as it were, but to 
use a calculator to compute the product of 19 and-24, and then tg-^btracr ^ 
that product from 625. 
I'l Such a piecemeal approach would "work" on any calculator, but—depending 

upon thQ calculator— that approach may not be an efficient or preferred one. 
The piecemeal approach would involve re-entering the 456 via the keyboard, 
which, particularly in the case of large(r) numbers, increases the likelihood 
of visual and keystroking error. On certain calculators it is possible to 
avoid such re-entry of data by using particular calculator features such as 
an independent memory or storage register, or an operational stack, etc. 

The intent of using a calculator involves- more than simply replacing 
pencil -and-paper calculation with ^easy keystr^oyiig. Rather, the intent is 
to use a calculator algorithm that capitalizes upon any data processing 
features that a given calculator may have. Pages 26-27 of this manuscript il- 
lustrate such calculator algorithms fpr a variety of representative calculators. 
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An AqL-No calculator such as the Texas Instruments TI-2500-II which has no 

■■..f> ' 

independent memory or storage register: 
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An AqL-No calculator such as the Texas Instruments TI-2550-II which has an 



independent "accumulating" memory: / ^ ' 
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An AgL-No calculator such as the Roc 
accumulating" or "overwrite" memory: 



STEP 


INSTRUCTIONS " 


INPUT 
DATA/UNITS 


. 1 




J9 


.2 




24 


3 




625 



1 18 R which has an Independent "nop- I 





KEYS 


OUTPUT 
DATA/UNITS 




If- 


1 


■ 456| 
159 


1 = 1 


1 STO II 


1 


L_r_J 


1 RCL II ■ - 


1 









248 



27 



An AgL-No calculator such as the LitrSnix- 2260 which has a pair of open- and 
close-parenthesis keys: 
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An AgL-M/A calculator such as the Texas Instruments SR-50 (illustrated by two 
algorithms which differ in whether the product of 19 and 24 is displayed): 
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An RPN calculator such as the Hewlett-Packard HP-21 
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No illustrative algorithm was shown for an ArL calculator on pages 26-27. 
This type of calculator seems to be on the decline, and rarely--if ever— has 
it been used as the base for constructing ''scientific" or "slide-rule" calcu- 
lators/. Furthermore, in response to an article by Stultz (1975), both Gronbach 
(1975) and Weaver (1975) have seriously questioned the suitability of ArL cal- 
culators for instructional use,, especially among young children. 

A calculator-unique algorithm . The process of dividing . q 

is a familiar one that may be illustrated in the form shown. b) a 

at the right and defined more precisely .as follows: ' 
Given (a,b), an ordered pair of whole numbers such that b / 0, 
the process of dividing specifies the whole numbers £ and _r < b- so that 
a = (b X q)j+ r. . ' " 

Much research and discussion have been devoted to the pros and cons of 
sundry papej^-and-pencil algorith^ns for this process, which is simplified 
markedly by -use of a calculator, ^ 

Pages ^9-31 illustrate various calculator algorithms for the process of 
dividing, ^ach, algorithm is generated around tWse basic steps: 

1. Calcuvlate a > b = Q, / ; 

2. Truncate Q to whole-number q:' [Q] = q, \5/hich is in fact the "greatest 
integer" function applied to Q, \ ■ 

3. Calculate b x q (or q x b). ' [ 

4. Calculate a - (b x q) = r \^ ^ ' 
The truncation idea is rarely encountered by pu||ils in their pre-algebra work. 
It is a necessary idea, however, in these calculator algorithms (pages 29-31). 
Except for the last of the illustrative algorithrjis (HP-65 calculator), the 
truncation of Q to q is performed "mentally" | by the pupil— not by the cal- 
culator. , (More later about the HP-65.) j 

The illustrative algorithms differ principally in the extentto which, or 
way in which, calculator "memories" are used to advantage. They also differ 
in ways that are associated with differences between AgL-No, AgL-M/A, and RPN 
calculators. 

^^^^Ththough the process of dividing is most commonly associated with "quo- 
tient and remainder*" problem situations at the elementary-school level, the 
prDT^eas has a more advanced application, for instance, in using the euclidean 
algorithm to generate the highest common factor of two counting numbers. The 
algorithm therefore is of interest in connection with more sophisticated as 
well as less sophisticated calculators. 
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It should be noted that in the HP-65 algorithm (bottom of page 31) the 
truncation of Q to q did not have to be effected "mentany" by the user 
but was executed using a hard-wired truncate-function key* 

The SR-52 does not have such a hard-wired function key. But-in connec- 
-tion with the SR-52 algorithm (bottom of page 30) it would be possible to 
eliminate "mental" truncation on the part of the user by inserting appropri- 
ately the following subroutine which has been adapted 'from an illustration in 
the SR-52 Owner's Manual: 
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"Mental" truncation on the part of the user also could be eliminated. In 
the case of any AgL calculator that does not have scientific notation by exe- 
cuting the following subroutine suggested by Smith (1975): 
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Younger users most likely would view this simply as a trick and wouVd not 
comprehend its rationale. 

. Note that for all algorithms (pagX^9-31) If Q Is Integral, q = Q and 
r '= 0; thus, the rest of the algorithm isyin fact superfluous. 
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An alternative algorithm . In connection with the process of dividing it 
is permissible to calculate r in. the following way: r = (Q - q) x b. The 
algorithms illustrated on pages 34-36 utilize this alternative calculation of 
r, which—ciepending upon the calculator involved— may show a nonintegral dis- 
play that must be rounded off "mentally" by the user to get integral r. 

(It may be of interest to note in passing that not only does the HP-25 
calculator have a hard-wired function^ key to trun^cate Q to q, it also has 
a hard-wired function key to calculate Q - q directly.) 

Going a step further . Thus far, all illustrative algorithm!? are to be 
manually keystroked step-by-step by the user. Programming a calculator repre- 
sents a still higher level of algorithm development. The appended "Illustra- 
tive Programs: 11" utilize the programmable HP-65 and SR-52 calculators for 
the process of dividing. The two calculator programs per se differ In ways 
other than those observed earlier for the manually keystroked HP-65 And SR-52 
algorithms, although the User Instructions for executing the two programs are 
almost identical . 

"Illustrative Programs: HI" and "Illustrative Programs: IV" use a dif- 
ferent mathematical context to highlight further some of the 'programming dif- 
ferences between the HP-65 and SR-52 calculattDrs.^ "Illustrative Programs: IV" 
in particular shows an effective use of the SR-52' s unique indirect addressing 
feature-in connection with data storage and retrieval. 
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The question identified at the outset of this section, 

"How — and how readily and how well— -can students learn to use calculators 
effectively and efficiently in connection with particular curricula?", 

is both broad and deep, and cannot be answered at all simply; The various 
illustrations used thus far barely scratch the surface of .calculator features 
and differences that may have a bearing on this question, and that must be re- 
lated to level of curricalar content and to l-evelsof students* cognitive and 
mathematical development. Our search for answers to this, question must involve 
investigations that examine effects such as proactive and retroactive 

^ This context, the evaluation of polynomial functions, was used earlier 
on manuscript pages 15-16 in connection with an illustrative HP-55 manually 
keystroked algorithm. 
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INSTRUCTIONS 



INPUT 
DATA/UNITS 



KEYS 



OUTPUT 
DATA/UNITS 



TI-2500-II (Tex. Inst.) 



1 
2 
3 
4 
5 



Truncate:. [Q] = q 



TI-2550-II (Tex. Inst.) 



1 
2 

3 
4 



Truncate : [Q] " ^ 



18 R (Rockwell) 
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4 



Truncate: [Q] = q 
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SR-50 (Texas Instr. ) 



~2 
3 
4 



Truncate: [Q] = q 



SR-51A (Texas Instr.) 



1 

2 

J 
4 

5 



Truncate:. [Q] = q 



SR-S2 (Texas Instr.) 



1 

4 
5 
6 



Truncate: [Q] = q 



ERIC 



a 
b 



' a 
b 



2o7 



36 



STEP 



INSTRUCTIONS 



INPUT 
DATA/UNITS 



KEYS 



OUTPUT 
DATA/UNITS 



1 

2 
3 
4 



HP-21 (Hewlett-Packard) 



Truncate: [Q] = q 



1 

2 

3 
4 
5 



HP-45 (Hewlett-Packard) 



Truncate: [Q] = q 



HP-65 (Hewlett-Packard) 



/ 1 
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ration and interference, transfer, short- and long-term retention, etc. 
It also^«(Ou1d be well to investigate learning within a "messing around" con- 
text , as wen as within the context of systematic instruction. - 

Elsewbei^I Have expressed the belief that students' intelligent and ef- 
fective- use of\:alculators will necessitate more rather -than less mathematical 
comprehension (We^aver, 1975). Let us assume, for instance, that a student is 
aware of the fol loving generalized algorithm for a calculator such as the TI- 
2550 when solving cl^s III equation types (21-36) of Table 1 (page 24): 



INPUT 
DATA/UNITS 


\ KEYS 


OUTPUT 
DATA/UNITS 


b 

C 

a 










< 

.... 




CM 


M+ 




V 


\ MR 







For a particular exemplar of type 25\such as 81 - (15 + 29) this algorithm 
becomes: 

■ \ 



INPUT 
DATA/UNITS 




OUTPUT 
DATA/UNITS 



But in the case of type 25 equations and exemplars, the following is a 
bit more efficient than the generalized algorithm use\( above: 



INPUT 
DATA/UNITS 



KEYS 



81 


CM 


M+ 






15 


1 * 1 


[ Ji 1 




29 


1 =.l 


1 1 


1 "R 1 





\ OUTPUT 

\data/unit^ 



Furthermore, if a student is aware of th6 fact that a - (b + = 
(a - b) - /C, that student might use a much more efficient algorithm fpr type 
25 equations and exemplars: 
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INPUT i 
DATA/ UNITS ^ 


KEYS 


OUTPUT 
DATA/UNITS 


81 :r II II 




: 37 


« -.Jl II. 




29 
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The preceding illustrations suggest that levels gf knowledge about a cal- 
culator and levels of mathematical comprehension may influence how a student 
uses that calculator. We need to know much more than w6 do at present about 
the kind and degree of student knowledge and comprehension that facilitate 
more effective calculator use, .that prompt students to modify calculator 
algorithms (or programs) when it- would be advantageous to do so, and that en- 
able students to devise or generate calculator algorithms (or programs) to 
meet particular needs. 5 

Familiarity with certain mathematical ideas likely has a facilitating in- 
fluence upon students' calculator, use. But let us not overlook the likeliliood 
of a chicken-and'-egg. question: ' i 



3. How can certain mathematical ideas (concepts, relationships, 
properties, and the like) be developed effectively and advantageously 
with the aid of a suitable calculator? 



For several decades many members of the mathematics education community 
have adhered to the^dictum, '^Understanding precedes drill," and the related 
belief that drill in and of itself does not develop understanding. One of the 
classics from the research literature of the past focused on this dictum.^ 

I fear the emergence of a new dictum, "Understanding precedes caj^culator 
use," and the related contention that calculator use in and of itself does not 
develop mathematical understanding* I^>certainly agree with this latter conten 
tion. Although I sense the intent of the emerging new dictum, I ca/inot accept 
it as unqualifiedly valid. \ - 



^ W. A. Brownell & C. B. Ghazal, The effects of premature drill in third- 
grade arithmetic. Journal of Educational Research , 1935, 29, 17-28. 
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I hold very strongly to the belief that calculatork can be used to dis- 
tinct advantage in the development of some mathematical lideas— that calculator 
use can precede and lead to understanding. One i 1 1 ustraltion of this already 
has been suggested on page 17 of this manuscript (pre-loV experiences) . 

Consider another illustrative possibility: "IllustrVtive Program?: I", 
appended. A calculator program such as this might be use^ to ddveintage in de- 
veloping the closure property as it pertains to the set of whole numbers and 
the operations of addition, subtraction, multiplication, and division. ' 

Are there not a variety of properties^ that' might be developed inductively 
through calculator use? Which ones? How? 



4. What are the effects of implementing ^certain' other calculator- 
inspir'ed curricular changes? * , . ' 



Some curricular changes have been explicit or implicit in the questions 
posed thus far. ' But there are other changes that may merit investigation. 

Certain of these have been suggested in a variety of documents: . an 
earlier, consideration of negative integersT'an earlier consideration of deci- 
mal fractions (especially in relation to metrication), with ^1 ess considera- 
tipn of 'common fractions , and when coupled^with the integers, an earlier con- 
sideration of the full set of rationals (decimal form emphasized); etc. 

Such changes merit at least exploratory implementation and an- effects as- 
sessment. But there. are several others kinds of curricular changes that I be- 
lieve merit consideration even though they are identified much less frequently 
— if at all . 

a^. I believe this to be a^valid assertion: At the elementary-school 
level in particular, the sequencing and pacing of ""arithmetic content has been 
determined principally by the acquisition'of computational ski{I l'>--espec1ally 
skill with pencil-and-paper algorithms. From a mathematical point of view it 
is absurd that computational ; faci 1 ity shouldplay so large a role in the pro- 
gressive introduction, development,, and e;<tension of content. 

In effect I am touching upon another implication of Figures 5a and 5b 
(manuscript page 21). If we are guided by Figure 5b as a model , we can rely 
much more upon conceptual rather than computational considerations in se- 
quencing 'and pacing curricular content. Calculators can make it possible for 
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"US to consji^er seriously the implementation of promising changes in curricular ^ 
sequencing and pacing not only at the elementary-school level, but also at the \ 
middle- and secondary-school - levels as well. \ 

b. Certain curricular changes may be more pedagogical than mathematical 
in nature. Earlier in this manuscript I illustrated within two different con- 
texts a "guess-and-test" procedure. This certainly, is a much more feasible 
tactic to use with a calculator than without ^ne. Will the procedur^ improve 
students' ability to estimate, for instance? Can the procedure be used to de- 
velop systematic approaches to estimation? 

Our consideration of calculator-inspired cUrricular changes and their ef- 
fects should include pedagogical changes as we Vli as mathematical ones. 

Before leaving this question I would like tp hoist at least one caution 
flag that takes us back to a content consideration. As I already indicated^ 
it has been suggested frequently that calculators will necessitate less atten- 
tion to rational number notation in common-fractliori form. (Metrication also 
may prompt such decreased attention.) / 

There is danger, I believe, in .unwittingly going too^ far in playing down 
common fractions. Decimal-fraction notation yfor rationals is not applicable 
within an algebraic context. If common-fraction notation for rationals is e 
cessively suppressed in connection with arithmetic work, will students be 
handicapped in subsequent algebraic work? /Why should not students use calcfu 
lators in connection with operations on rationals that are expressed in com- 
mon fraction form? (I have several calc/lator programs for just that si/tua 
tion!) 

/ 




What about teacher education? 

— 



Consideration certainly must be given to this, especially at the elementary- 
and middle-school levels. Within both preservice and inservice contexts. 

What background must teachers have that will enable them to use calcu- 
lators effectively in their instructional work? How can this background be 
attained expeditiously within preservice and inservice contexts? 
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6. What about calculators in relation to computers? 



I know from personal experiences with secondary-school student? and teach- 
ers that those who have worked with computers and computer programming are at 
a distinct advantage when working with calculators and calculator programming. 

Is the converse true? Will persons who have worked with calculators and 
calculator programming have a "head start" for work with computers and com- 
puter programming? It is reasonable to believe so, but is that in fact the 
case? Is there any kind of proactive inhibition or interference '(rather than 
facilitation) associated with calculator work prior to computer work? 

.Possibly these questions do not pertain so much to calculator vs. com- 
puter as they do to one level of computer vs. a higher one; for as Smith 
(1975) has indicated: , ; 

From the standpoint that the programmable ppcket calculator imple- 
• ments logical (Boolean) equations as well .as Algebraic equations, 
can make logical decisions, and will iteratively execute a pre- 
programmed set of instructions, it can be correctly called a 
pocket computer. It is called a calculator oDly because it does 
not satisfy the U, S; Government's import/export trade definition 
of a computer. [jp. 14] 

Be that as it may, "References: Supplement B" of this position paper 
(pages 46-48) identify some research done on instructional uses of computers 
apart from (with one exception) CAI drill and practice. These references may 
suggest some research directions and approaches that should be considered in 
relation to calculators. 



In Concl usion • - 

\ 

\ r certainly have not exhausted the researchable questions that m"ight be 
a^^ked regarding the role of the hand-held electronic calculator in relation to 
sch^^l mathematics (^urricula. I have restricted thi^\quest1ons to those that 

\I consider to be of more than mean importance, with less.^consideration for 
s^me th'^t already are being j^a-tsed frequently In a varietV\o| sources. 

"\Var1mjs kinds of 'research will need to be pursued. In some instances the 
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investigations will be essentially feasibility studies; in atfier instances, ex- 
perimental --although some of these would be premature at tms point in time. 

■ ■ • ■ ■ • / 

Some investigations will be within a CA context; sp^e, within a CM con- 
text; and some within a CB-context--although the lines;A)f demarcation may not 
always be clear. But that is of little consequence.// 

/ 

Not all investigations will emphasize the sanije component(s) of the re- 
search model identified as Figure 1; but al 1 in\^stigations should be sensitive 
to relevant components of the. model. ^ 

Both cognitive and affective factors should be considered. 



Some investigations should produce use^ful information in the relatively 
near future; others will require a longer /period of ti-me. ^ - 



/ A Different Research Need 



It has not /been uncommon for past research pertaining to verbal problem* 
solving, for instance, to include computational skill as a variable. A sig- 
nificant but low positive correlation generally is found to exist. It is of 
sufficient— TTia'gnitude, however, to prompt investigators to "partial out" the 
influence of ^computational skil 1 when examining the relationship of other 
factors (e.g./, reading comprehension) to verbal problem solving ability.^ 

/ The use of calculators in connection ^ith problem solving will literally 
eliminate as a source of variance the factor of computational skill involving 
pencil-and-paper algorithms. A new source of variance is introduced, to be 
sure; but of what significance? 

Some past research on problem solving--and some other ttiings as well-- 
might prpfitably be redone, with the factor of computational skill now being 
of no research interest and not even entering into the investigation. Woul<i 
new findings differ from previous ones? in what way{s), if at all? 

It is one thing to control statistically for a variable; it is another 
thing to have the variable nonexistent! Let's put the calculator to this use. 



For instance, see M. D. Martin, Reading, comprehension, abstract verbal 
reasoning, and computation as factors in arithmetic problem" sol ving. (Doc- 
toral dissertation. University of Iowa, 1963). Dissertation Abstracts , 1964, 
24, 4547-4548. i 
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THE CLOSURE PROPERTY 
a'nd OPERATIONS ON WHOLE . NUMBERS 



For every whole number m and every whole nii.iber n^: 

1. Is m 4- n a unique whole number? If not, when not? 

2. Js m ■ n a unique whole number? If not, when not? ■ , 

3. Is m X n a unique whole number? If not, when not? 

4. Is m V n a unique whole number? If not, when not? 

Hewlett-Packard HP-65 and Texas Instrumencs" SR-52 programs --and user 
tions /to assist students to answer these q^uestions follow. One as^ 
progi^ams should be noted in particular. 



rue- 



of these' 



/the HP-65 calculator has a preprogrammed | INT| funp^r'ion key that truncates 
an X-register number to an integer. This is us^^^rogram line 23) in connec- 
tion wi *:h testing whether m ^ n is a wholj&--^umber. . ' _ ^ 



The SR-52, however, has no such preprogrammed function, 
program to include alternative approaches to this: 



I have written the 



In the user defined D-f unction- to calculate arid test n 



ri found it 



advantageous to use the preprogrammed |D,MS| (degrees-minutes-secDnds) func- 
tion key. This may appear irrelevant, even strange; but that key \permi tted 
me to devise a. test based upon the fact that x = x|2nd| |D.MS | iff x is an 
integer. 

b. In the user defined D'-function to calculate and test m ^ n , a longer 
subroutine was used to* truncate x > 0 to an integer (and was bypassed in 
the event that'x =;0). This truncation subroutine is derived from the SR-52 
Owner ' s Manual . 



/ 



The truncation of x to an integer is not an end in itself, but is^'a means 
to some other end which can be accomplished more efficiently (I believe) b/ 
use of the |D.MS| key. It would be a quite different matter, however, if the 
truncation of x to an integer were an end in itself (which is not accom- 
plished by use of the |D.MS| key. ) 



2V4 



J. F. Weaver 



HP-65 Program Form 

\ 

fjtu. ^ # n, within the whole-number universe ^ 



SV/ITLH TO W PHCiM e^FSS f PRGM TO d t AH MEMORY 



4 



KEY 
ENTRY 


CODE 
SHOWN 


COMMENTS 


KEY 
" ENTRY 


CODE 
SHOWN 


PHMMFMTQ 


DCP'ICTCDC 

nt^jlb 1 tnb 


LBL 


23 . 










Ri 


A 


11 












CI 


7 










RTN 


24 

23' 
12 




- 






Ra 


B 


■ - ■ ~ - ' 












51 










R3 




GO . 














J5 2.4 . 


— .- - . ■ ... . . 


_ 


^ 






-i— 


81 










R4 


g NOP 

g Kt 


35 01 










no 
00 Do 


• 






! ' . ■ 




DTM 


OA 








, ■ 1 ' 


R5 


LdL 


23 












- - ] 

. ! 


13 














71 










Re 


RTN 


24 












23 














14 










R? 


\l 1 


81 , 












ENTERt 1 


41 












;31 






■ 






INT 1 


S3 I 




■ 






g .xii' |3 5 21 












CLx :44 










Rg 


;8i 

RTN ;24 . i 




















t 


i 

t 

— 1 










A m + n 


^ 












D HI n 






! 






1 J . . 


Q 17] K n 






t ' ' 




n m -I- n 
jj in . ri 




•» j 






E 




'i 






0 




i- / , , 






1 




i 






2 




4 








* 


i 


i . 1 


' ■ \ 


4 




.... .. 1 








5 


♦ 


i 

f 




f 




6 
7 


t 


f 
♦ 

1 








9 


i 


i ] 

i 

i 








FLAGS 

1 


J 












2 








t 

1 












— rr-— — 1 
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HP-65 User Instructions 



54 



r # n within the whole-number universe 

« "i^* . . ..... 



2 , 2 



« « - I ' 



1 



I I I I I 



STEP 



INSTRUCTIONS 



INPUT 
DATA/UNITS 



KEYS 



OUTPUT 
DATA/UNITS 



1 ' To add: 'm + n 



OR 



To subtract: m - n 



OR 



3 , To multiply: m x n 



OR 



4 i To divide: 



m : n 

\ 



; t A flashing or blinking display signifies 
that no m # n exists, or that no unique 
m # n exists, among the whole numbers 

\ § Iff n = m it is not necessary to enter n 

i . ■ 

' via the keyboard and this entry may be 
omitted 



/ 



m 

n § 
m 

n § 
m 

n § 
m 

n § 



ENTER+ 



ENTER+ 



ENTERS 



ENTER+ 



D 



m + n 



m - n f 



mx n 



mint 



r"nr""''i 



TITLE in # n within the whole-number um'vet gi^p i Qp 2 

PROGRAMMER jfw nATF. 12775" 



An asterisk * signifies use of the prefix key |2ndl 



SR-52 

Coding Form 




LOG 


CODE 


KEY 


COMMENTS 


LOG 


CODE 


KEY 


COMMENTS 


LOC 


CODE 


KEY 


COMMENTS 


LABELS 


000 


46 


*LBL 




. 038 


75 














A m + n 


001 


11 


A 




039 


90 


*if zro 












B m - n 


A A o 

002 


95 








10 


*E' 












c m X n 


003 


81 


HLT 




041 


.42 


STO 












/ D m i n 


004 


46 


*LBL 


. — 


042 


00 


0 




080 
•192 






i- 

/ 


E Used 


.005 


12 


B 




043 


01 . 


1 












A' 


006 


95 






044 


53 


( 












B' 


007 


22 


INV 







43 


RCL 












C 


008 


80 


*if pos 




046 


75 


- 












D' 


009 


15 




E 




047 


93 






085 
197 








E' 


010 


O 1 

81 


111 T* 

HLT 




048 




"5 












REGISTERS 


oil 


46 


*LBL 

— 




049 


54 


) 








\ 




00 ■ ■ 


012 


13 


c. • 

1 ^ i 




UiJU 


57 


*fix 








\ 




01 m n 


013 


95 


= \ 

■ V 




'051 


00 


0 












02 


014 


81 


HLT \ _ 




052 


52 


EE 




090 
202 








03 


015 

1 


46 


*LBL 




053 


22 


INV 














m c 
. U i 0 


1 A 

ii-i 


D 




054 


52 


EE 












05 ""^.^^ 


AIT 

017 

, 


75 




. V 


— 1 


22 


' INV 












06 


mo 
Olo 


42 

i 


STO 

■— — ' — ■ 




056 


57 


*fix 












07 


A 1 A 

019 


00 ! 


0 1 

' i 


057 


95 






095 
207 








08 


020 


01 I 1 1 


058 




22 


INV 












09 


AO 1 

021 


37 i*D.MS ! 

~ 1 -I, , 


059 


90 


*if zro 












10 


022 j 






060 

I '-1 


15" 


E 












11 


023 1 




INV 1 

1 — ^ — _i 


061 

— 


43 


RCL 












12 


024 j 


90 i*if zro i 


062 


00 


0 




1 UU 

212 








13 


025 


15 iE i l|o63 


01 


1 












14 


026 i 


43 1 RCL 1 i 


46 


*LBL 












15 


027 


00 ! 0 \ 

H ^ 


11 065 

il -.- 


10 > 












16 


028 


01 i 1 1 ! 066 


81 


HLT 

— . . 













17 


029 : 81 : HLT 

_— _4— -4— W-r-l- — J i 


™. 


i 




1 A<; 

1 U!j 

217 








18 


ojo 146 [*LBL [ 1 




~— - — ^ 












: 




19 


031 ! 15 ! E i ^ 

■'■ - — ., i 


1 










. FLAGS 
0 


032 


55 1 • ■ 




1 

1 










033 i 00 I 0 1 

, j . 






1 

i 












1 


034 |95 j = i 








110 

222 


\ 






? 


':Bl IhLT I 
















3 


036 j 46 j*LBL 


AUernat?; 











Texas Instruments 

INI (IH Vi\H A f 1 |> 


.FRIC:^-lLi! 1 


for D 


075 
187 









SR-52 

User Instructions 




TITLE -^'^ " within the whole-number universe • page ^ OF . ^ ; 









+ 






















■ ■ C 



STEP 


PROCEDURE 


ENTER 


PRESS 


DISPLAY. ■ ' ' 


1 . 


To add: m + n 


m 


+ 








— 1 




n § 


A 






V , 

m + n 




OR 










\ 


2 


To subtract: m n 


m 














n § 


B 






m - n t 




OR 






/ — 






3, 


To multiply: m x n 


m 


X 












n § 


c 






m X n 




OR 












4 


To divide: m t n 


m 


./' 





















m -f n t 








I 








- 


t A flashing or blinking 1 ,1 












display signifies that no 










i ^ 




(unique) m # n exists 

'. ^ . 














. among the whole numbers 




























§ Iff n = m it is permissibl 


e 











i 

j 


to use jRCL] or [STDl in- 












U— 


stead/of entering n via 










\^ — ^ 




the keyboard 

i 














^ ■■ 1 










t 


\^ Alternative execution: 


1 


2nd 


D' 








i 
1 


— q^ir 'TX 










:RIC 




i O 











57 



ILL-USTRATrVE T-RtnrRAt^r ' 1 1 



ERIC 



2V3 



THE PROCESS OF DIVIDING 

^ Given the ordered pair of whole numbers (a^b), b ?^ 0, determine whole numbers 
q and r such that a = bq + r, r < b. 

HP-65 and SR-52 urograms and user instructions follow. ■ g[ 

bPa 

In each program q is calculated by first calculating - bq 

r 

a T b = Q and then trunca.ting rational Q to integral q. 
Then r is calculated as a bq. 
Each program is designed to permit: 

(1) a and b to be entered in eit;her order (a, then b; or b, then a); and 

(2) bq to be displayed optionally before, r, or after r, or not at all, 
(Shorter programs could be written if one or both of these restrictions were nojt 
in effect. ) 

If an illegal b = 0 is used as input, the display wil 1 BLINK or FLASH when 
key [C] is depressed to calculate q. - 

The programs have NOT been written to detect and reject non-whole number in- 
puts (although such could have been done), 

1 



ERIC 
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J F Weaver 



HP-65 Program Form 



TiH(v_ The Process of Dividing 



SWIKH TO W fflOM PBfSS I PRGM TO tltAR MtMOHV 




CODE 
SHOWN 



COMMENTS 



59 
2 



REGISTERS 



Rl i 

R2 lb. 
R3 q 
R4 



Re 



R: 



Rt 



Rc 



LABELS 



A 




B 


b 


C 


q 


D 


bq 


E 


r 


0 




1 




2 




3 




4 




5 




6 




7 




8 




9 





FLAGS 



H) ni LOfll) PmJGHAM INStm MMiHl IIC C:AHt> WUM *iWI"tXH St T AT W PR(iM 



HP-65 User Instructions 

1,11,. The Process of Dividing 

, jfw . . 



60 

PcK|(- .2 _.. .()( ...2 



Datf 



12/75 



a in |b in I q 1 bq | 



1 



I I r I 



STEP 



INSTRUCTIONS 



INPUT 
DATA/UNITS 



KEYS 


RTN 


R/S 










A 






B 












C 


( 










D 












E 












D 



















































































OUTPUT 
DATA/UNITS 



P Initialize for 0 decimal places 

■»■ 

t' 
+ 

1 Input a and b in any order 



2 ; Calculate q 

3 ■ OPTIONAL: Display bq 

4 I Calculate r 

" V 
i 
I 

5 I OPTIONAL: Display bq 



For a new problem, return to step 1 



* If display BLINKS or FLASHES, b is. invalid 

and no (unique) quotient exists. Return to 

step 2 with a new b or to step 1 for a 
new problem. 



ERIC 



2 



a 
b 



a 
b 



bq 



bq 



TITLE The Process of Dividing 
PROGRAMMER jfw 



.PAGE. 
_DATE. 



1 OF_A 

r?/75 



"An asterisk * signifies use of the prefix key |2nd 



LOG 


CODE 


KEY 


COMMENTS 


LOG 


GODE 


KEY 


COMMENTS 


LOG 


GODE 


KEY 


COMMENTS 


LABELS 


000 - 
112 


46 


*LBL 




038 


00 


0 












A a in 


001 


11 


A 




039 


03 


3 


- 










B b in 


^> 002 


42 


STO 




040 
152 


81 


HLT 














003 


00 


0 




041 


46 


*LBL 












D bq 


004 


01 


1 




042 


15 


E 




080 
192 








E . r 


UUD 
117 


81 


HLT 




043 


43 


RCL 












A' 


006 


46 


*LBL 




044 


00 


0 












B' 


007 


12 


B 




045 
157 


01 


1 














008 


42 


S"0 




046 


75 


- 












D' 


009 


00 


0 




047 


46 


*LBL 




085 
197 










n 1 n 
122 


02 


2 




048 


14 


D 












REGISTERS 


Oil 


81 


HLT 




049 


43 


RCL 












00 


012 


46 


*LBL 




050 
162 


00 . 


0 














013 


13 


C 




051 


02 


2 






■ 






02 b 


014 


43 


RCL 




052 


65 


X 




090 
202 








03 q 


U 1 D 

127 


00 


0 




053 


43 


RCL 












04 


016 


01 


1 




054 


00 


0 












05 


017 


55 


V 




055 
167 


03 


3 












06 


018 


43 


RCL 




056 


95 


= 












07 


019 


00 


0 




057 


81 


HLT 




095 
207 








08 


132 


02 


2 




















09 


021 


95 






















10 


022 


90 


*if zro 




OfiO 
172 
















11 


023 


18 


*C' 












100" 
212 








12 


024 


75 


- i , 1 














13 


137 


93 




1 


, 
















1*4 


026 


05 


5 














, 






15 


027 


95 




i 


065 
177 














16 


02e 


57 


*fix 




■ 














- 


17 


029 : 00 1 0 


j 










105 
217 








18 [ 


i 030 1 
142 

031 


52 EE 

, 








1 












19 


22 1 • INV ,1 




















FLAGS 


032 


52 1 EE 


J 


070 

182^ 




~ — 












0 

1 


033_^ 


22 


INV \ 

_-_H 


1 
















034 1 


57 


*fix i 







1 






Ti'o' 
'?.?? 




"""" 


035 
147 


46 / 1 *LBL 


— 1 














1 




3 


036 

ERK 


18 1 *C' 










— m\ 


> Texas Snstruments 

^ ISC OR POM A T t t> 


4 


-12 i STO 




075 
187 











SR-52 

Coding Form 




SR-52 

User Instruclions 




TITLE Process of Dividing 



PAGE ^ OF 









a in 


b in 


q 


bq 


r 













STEP 



PROCEDURE 



ENTER 



PRESS 



DISPLAY 



Input a & b (any order) 



Calculate q 



OPTIONAL: Display bq 



bq 



Calculate r 



QPTIGftAL: Display bq 



bq 



For a new problem, return 
to step 1 



* If display BLINKS or 



FLASHES, b is invalid; 



no (unique) quotient 



exists. 'Return to step 



2 with a new b or to 



step 1 for a new problem 



ERIC 



284 



^^T'f''fTi>i'i In5lfiim<>f>t<; »n<«ofnf>raf(»H 



P|ri Mr. •090<70 



63 



ILLUSTRATIVE PROGRAMS: III 



/ 



285 



ERIC 



64 



GENERATING DATA POINTS 
FOR THE GRAPH OF THE FUNCTION 
y = ax^ + bx^ '+ cx + d 



HP-65 and SR-52 programs and user instructions follow. The progrfams are 
written so that the coefficients a, b, c, d- may be entered in any oifder. 

Calculations are based upon an equivalent form of the function: 
y = ((ax + b)x + c)x + rl. . 



J F Weaver 



28 G 



1 



HP-65 Program Form 

Title Points for Graph of y = ax^ + bx^ + cx + d 



SWITCH TO W PRGM PRESS 1 PRGM TO CLtAR MEMORY 



— 4 



'tERJC 



KEY 
ENTRY 


CODE 
SHOWN 




LBL 


23 




A 


11 




ST0 3 


33 03 




LBL 


.._24... . 
23 




B 


12 




STO 2 


33 02 




RTN 


24""" 




LBL 


23 






13 




STOl 
RTN 
LBL 
D 


33 01 
24 

23 • 
14 




STO 5 


33 05 




RTN 
LBL 

e' ^ 

ENTERt 


24 
23 
15 
41 




£NTERt 


41 


. ■ ■ - 


ENTERt 

_RCL_3 

X 

RCL2 

X 

TcTi " 
+ 

TRCT5 


41 

34 03 
71 

34 02 

61 

71 

34 01 
61 1 
71 • 
34 05 




+^ 

"RTN 


61 
24 




L 

- - f 


- 1 





KEY 
ENTRY 



CODE 
SHOWN 



COMMENTS 



2 O ^/ Ui Mf (,{>H{U'M{)(il 



65 



1 ol 2 



REGISTERS 



R3 a 
R4 

R5 d 

Re 

R7 

Ro 

Re 





LABELS 


A 


a in 


B 


b In 


C 


c in 


D 


h in 


E 




0 




1 




2 




3 




4 




5 




6 




7 




8 




9 





FLAGS 



MAM INStMT MA(,Nt frt i AMO WiTM '»WJr' ti Sf r AI W MJU.M 



HP-65 User Instructions 

c 

Data Points for^the Graph of y = ax^ + bx^ + cx + d i\ 



'pfv.ir.ifTinu { jfW 



1 



\ \ I I 



66 



STEP 



INSTRUCTIONS 



INPUT 
DATA/UNITS 



KEYS 



OUTPUT 
DATA/UNtTS 



1 rriput--^^b,c,d in any order 



2 [ Input x^. ; calculate y^^ 



Repeat step 2 for each (x. ,y. ) desired 



i 



For a new function, return to s'Cep 1 



3a 
b 
c 
d 



A. 



b / 

/ 

c- 

/, 



/ 



]LZI] 



]EZ] 



n -i. r ^ u ^ y = i'K-^ '+ tX^ + C K + 6 

TITLE Data Point s for Graph of page . 1 of 2 



PROGRAMMER Ifw. 



HATF 12/75 



An asteri sk * sig n if i e s_ use of _t he p re fix key [2nd 



LCX: iCODE! KEY ICOMMENTS 



LOG 



CODE 



KEY COMMENTS 



LOC 



SR-52 

Coding Form 




CODE 



KEY 



COMMENTS 



LABELS 



f^u2\ 4 6 ; *LBL 

^01 ; 11 " A 



038 



02 



039 



54 



002 42 



,\003 : 00 



0P4 03 

81^ 



STO 



040 



152 



65 



0 



041 43 



^006- 46 



3 

^HfT^ 



I; 042 



^ 007 12 
r008 "42 
^9 ^00 



B 



STO 

0 ~ 



RCL 



00 



043 I 04 



044 85 



045 I 43 
157 ^'^ 



046 



047 



00 



01 



080 



192 



RCL 



085 



197 



A a in 



B b in 



in 



d in 



B' 



D 



;oio 



122 



02 



048 



54 



Oil 81 



HLT 



049 



65 



012 46 



^liBL 



050 



162 



43 



RCL 



REGISTERS 



00 



01 



'013 ■ 13 



051 



00 



i0l4 42 



STO 



062 



04 



090 



202 



02 



03 



015 
12 



7 00 



053 



85 



+ 



04 X1 



016 01 



054 



43 



RCL 



05 



017 8r 



HLT. 



i;055 



167 



00 



1018 46 



^LBL 



i! 056 



00 



06 



07 



019 14 



057 



95 



095 



207 



08 



:020 



132 



42 



STO 



021 : 00 



r 



058 



81 



HLT 



09 



10 



022 00 



060 



172 



11 



i023 '■ 81 



HLT 



12 



024 . 46 \ *LBL 



100 
212 



13 



i025 



137 15 



14 



026 53 



;027 53 



1028 42 



STO 



065 



177 



15 



"IT 



16 



07 



;029 00 



105 



217 



1 030 



142 



04 



i031 .65 



! 032 ^ 43 



RCL^ 



070 



18 



19 



FLAGS 



182: 



1033 i 00 



j034 i03 



110 



222 



t035 



85 



036 ^A3^ 



RCL 



075 



187 



-2m 



Texas Instruments 

INC OR PC) n A I f o 



\ SR-52 

User Instructions 

TITLE ^^^^ Points Vor the Graph of y = ax^ + bx^ + cx + d page ^ OF ^ 








a in 


b in 


c in 


d in ■ 


yi 













! STEP i 

1 



PROCEDURE 



t-- — • 



1 ; Input a,b,c,d in any order 



, ENTER 



PRESS 



DISPLAY 



2 j Input x^; calculate y^. 



! Repeat step 2 for each 



I (x.,y.) desired 



i For a new function, return 



to step 1 



ERIC 



200 



I 5 TfM« »/>stfum#nt^ incnrnoratBd 



\ Pift No \77M79 



69 



illustrative! PROGRAMS: IV 




EVALUATION OF POLYNOMIAL FUNCTIONS . 

Given a particular polynomial function of the form 

f(x) = c^x'^ + c„ .x^"^ + . . . -f c^x^ + c,x + c^ 
^ ' n n-1 L i u 

with rational coefficients (c's) and n a positive integer, that function 
may be evaluated for selected rational x^'s using the attached SR-52 program, 
valid for 0 < n < 18, which is based upon an equivalent form of the function: 
f(x) = (((c^x + c^__-^)x + . . . + C2)x + c^)x + Cq. 

"^he program was designed so that the complete store/recall of c's would be em- 
bedded within user-defined functions (without manually keystroking any register 
addresses), using to advantage the SR-52*s indirect-instructions feature. 

Also attached is a somewhat similar HP-65 program that, in view of fewer 
addressable registers and no indirect-instructions provision, is limited to 
the range 0 < n - 7. This may. be ext^ended by manual keystroking, however, to 
n > 6 . 
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Preface ^ 

This paper, as its title suggests, deals with the possible roles of 
hand-held calculators in the calculation curriculum in- grades K-8. It 
has been written at the request of and with the support of the Electronic 
liand-Held Calculator Project directed by Marilyn Suydara and Richard 
Shumway of Ohio State University but it could not have been written with- 
out tiie additional experience we gained through two NSF~funded Projects 
under our direction at the University of Chicago: "Explorations into 
Ways of Improving the Elementary Mathematics Learning Experience," and 
"First-Year Algebra \^ia Applications Davelopment Project." 

The main body of this paper is divided into three connected parts. 
There are also three appendices giving our views on important issues re- 
lated to the main body of the paper. 

We wish to acknowledge the invaluable assistance of Katherine 
Blackburn 'in collecting some of the data we used for this paper. 

\ ■ ■ 

The Uu:|-versity of Chicago Max Bell and Zalman Usiskin 

February, 1976 
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CALCULATORS AiNfD SCHOOL ARITICIETIC: Some Perspectives 

Part I 

A Review of the Present Situation With Respect to Calculators, 
Calculation, and the Elementary School Calculation Curriculum 

A. The availability of calculators and some possible reactions to that / 
availability * / 

In an assessment perhaps eighteen years too soon^ a writer in The 

Arithmetic Teacher had this to say: 

Skills in computation are no longer 
tassential. Calculating machines are 
available to ev^eryone at prices which 
are in keeping with their needs. The 
: introduction of the calculating machine 

has^ increased rather than lessened the 
importance of learning arithmetic. The 
need for extreme skill and speed, how- 
ever, &i obtaining ''answers'* has dis-^- 
appeared. The demand is now for the 
1 i^nderstanding of arithmetic, its logi- 
cal structure, and its practical social 
application. (Schott, 1957) 

That assertion of availability of calhulating machines for everyone was 

certainly inaccurate in 1957, but the situation in that respect has 

changed radically within just a few years. The first hand-held electronic 

calculators appeared only in 1971 at prices in the hundreds of dollars. 

Only. three yeairs later the New York Times (Nash, 1974) reported that one in 

ten Americans already owned calculators and projected a saturation of the 

world market by 1980 with 1^0 million units in use with 40 million units 

sold per year thereafter (based on a four year life). The article did 

not indicate how many of these sales would be in the U.S. but projections 
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from industry sources are generally similar to those below, which are 
from a 1975 survey for industry by a reliable private research organiza- 
tion. 

\ 

; ■ » \ ■ 

Table 1: Projections of Calculator Sales in the United States 

Hand-held All other Total Cumulative Average per 

4 function hand-held Totals \ unit selling 

tmillions) (millions) (millions)^ (millions) .-price 



1973 


7.70 


.64 


8.34 


■ 8.34 


$85 


1974 


9.65 


.87 


- 10.52 


18.86 \ 


$53 


1975 


11.60 


1.17 


12.77 


31 . 63 


$41 


1976 


13.60 


1.45 


14.75 


46.38 


.^$35 


1980 


15.80' 


2.40 


18.20 i 


112.50* 


$25 


*Our 


extrapolation, assuming 


sales 


of about 15, 16, 


and 17 million in 





1977, 1978, 1979 respectively. Suydam and Shumway, 1975j give less con-\ 
servative figures. 



Allowing for loss, obsolescence, etc, it seems fair -to project from these^ 
figures that perhaps 35 to 40 million calculators might be in use by the 
end of 1976 and a conservative estimate might be 65 to 75 million by the 
end of 1980,*^ (In 1975 there were about 70~million households in the 
United States.) 

Assuming such projections prove to be accurate, we can conclude that 
whatever the response of schools, people outside of schools will haVe 
nearly universal access to cheapv and easy calculation by 1980, which seems 
to be the very earliest that any curriculum changes based on calculator 
availability could have much effect. ' 

- . . t 

^It is interesting to note that the preponderance of calculators sold are 
general consumer-oriented machines.' 
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The likelihood of nearly universal access to cheap calculators has 

already generated considerable attention in the news media, with the 

question of effects on schools prominent in nearly all media coverage. 

So much has been said and printed by now on the supposed "issues" thus 

generated and so much of it is repetitious that it would serve little 

purpose to review that media coverage here beyond saying that two polar 

views ^re given more or less equal prominence in most of the coverage to 

date. They are well expressed in this excerpt from Nation's Schools and 

Colleges (December 1973): 

Critics argue that students, espe- 
cially at elementary levels, risk 
becoming so dependent on calculators 
that they will forget - or fail to 
learn in .the first place - basic com- 
putational skills. Moreover, t^e cri- 
tics say, high calculator costs often 
place the devices out of reach of the 
economically disadvantaged. Proponents 
challenge both points. They contend 
mini-calculators can be a significant 
force in moving schools away from 
• "answer-oriented" instruction, freeing 
both teachers and students for concen- 
tration on more important underlying 
concepts. 

The issues summarized in brief by the quotation above and in more 
detail in the Suydam and Shumway paper (see bibliography) e^re genuine 
ones" that can presumably be dealt with over the next few years by re- 
search, curriculum development and trial, varied approaches in differ,ent 
places, and compromise.; (Can be doesn't necessarily say will be, of 
course.) But there is also plenty of scope i"n the issues presented by 
calculatdrs for determined and passionate argument on "moral" grounds, 
and that sort of controversy can obscure the educational and padagogical 
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issues- For example, such "issues'*, as these have been raised in news- 
paper editorials (e.g., The Chicago. Tribune and The Wall Street Journal ) 
and in comment from a variety of earnest people (including many teachers): 
calculators reinforce dependence on machines (technology) and hence re- 
duce humanity; hard things shouldn't be made too easy; giving calculators 
to students who haven't demonstrated computational skill rewards sloth 
and ignorance; calculators in schools amounts to pampering, frills, waste 
of taxpayers money, and other such code words for certain standard con- 
cerns about schooling. 

Statements of such concerns often resemble the more substantive 
pedagogical arguments about the possible ill effects^o^^ failure to learn 
computation, but the quality and intent of them is quite different. Cal- 
culator use in schools could easily become a battleground around such 
"moral" assumptions, and this is especially so with respect to use of 
calculators in early schooling and by those older students unable to demon- 
strate good calculation skills. This could happen regardlesfe of the util- 
ity of using calculators as aids to learning mathematics. Indeed there 
appears to be developing a possibly defensive concensus among educators 
that calculators must "of course" not be allowed in schools until calcu- 
lation skill is proved — a concensus based on no inquiry whatever and very 
likely influenced mainly by a wish to minimize controversy • Thete is 
probably little we can do to head off such controversy around various 
moral assumptions in the. world at large, but it is certainly not too early 
to attempt an assessment of the important 'pedagogical issues and possibil- 
ities and to set in motion a program of well designed investigation of 
them. 
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While one can't predict with certainty what the long range effects 
of calculators on school and society will be, it seems to us probable 
that these effects will be more revolutionary than not. Many years ago 
Hamming noted in an article entitled ''Intellectual Implications of the 
Computer Revolution" (Hamming, 1963) that "It is a common observation 
that a change of an ovder of magnitude in a technology produces fundamen- 
tally new effects." Viewed from several perspectives, calculators repre- 
sent at least an order of magnitude change in calculating power available 
to nearly everyone so perhaps we should anticipate fundamentally new 
^ effects, at least in the society at large.* ^ 

There is ample precedent for significant discontinuity between • 
school and society and it may well be that even if there were such revo- 
\ lutionary changes in society, they would not be reflected, or reflected 
only after many years, in what goes on in schools. Mathematics e<^ucatlon 
as a profession should try to assure that this particular gap between 
school and society does not deVelop by default; ,that is, merely for lack 
of energy and thoughtf ulness in defining and investigating the possibili- 
ties.' In any such attempt to define possibilities for calculators in 
schools, it would be foolish to ignore the early school mathematics ex- 
perience of youngsters. The possible impact of calculators on the calcu- 
lation component of that early experience (grades K-8) is our focus in 
this paper. ' - 

*A letter in D atamation some time ago characterized the first Hewlett 
Packard programmable hand-held calculator as essentially a hand-held ENIAC — 
one of the first of the practical electronic computers. Hence the imminent 
4emocrati2ation of calculating power may fairly soon become democratization 
of tru.ia computer power for anyone able to learn to use siich power, a possi- 
bility that educators have not even begun to consider, and that we will not 
consider here. 
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B. An historical perspective on calculation skills 

In 1956 (before the so-called "New Math") John Gardner characterized 
the state of mathematics education as "A National /Weakness*' In the follow- 
ing words: ■ 

Concern over the mathematical Incibm- 
petence of the average — and even 
above-average — American has become 
almost a national preoccupation. Sci- 
ence and industry cry in vain for 
more and better mathematicians. Or- 
dinary businesses ask only that their 
employees be able to do simple arith- ^ 
metic. Neither the extravagant nor 
the modest demands of society for 
mathematicians — -or arithmeticians 
even--are being met. And^ the pub- \ 
lie concern grows.,. (Gar<iner, 1956) \ 

. • ■ \ 

At about the same time college and ufllversity teachers of mathematics 
were in despair at the poor mathematics preparation of entering stu- 

dents* ^ "Why Johnny can't add" is hardly a new concern. 

/ ■ ■ " ' 

v!i^hatever else may be said of the reforms accomplished since 1956 
(both at the school and university level), vast Improvement with respect 
to the "extravagant" ''demands of society must be acknowledged. There are 
at present more than sufficient numbers of young people graduating from 
high school to pursue further mathematics training or to enter into var- 
ious sorts of training to pursue the vastly Increased number of careers 
that use mathematics, (We find it curious that this is essentially never 
mentioned in the hue; and cry about the supposed disasters of the era of ' 
"the new mathematics,") " \ 

. \ ■ 

There remain the "modest" demands of society. That is, are most 
peQple able to handle numbers and computation in ways that enable them 

^ 

to' qopy with the everyday (and pervasive) uses of number in society? 
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Most of these uses Involve measure or calculation or interpretation of 
numerical data; for the purposes of this p^p^r we focus only on calcu^ 

' ; / 

latlon. But even discussion of such a nartow part of the average person's 
"need" for mathematics taust begin by observing that there Is a fundamen- 
tal confusion In most such discussions between (1) ability to calculate 
accurately and (2) ability to use those ^calculations. That these are 
different Issues is indicated by the results of the 1972-73 National 
Assessment of Mathenxatic/s. For example, 92% of 17-year olds and 86% of 
adultfit could correctly /add $3.06 + $16.00 + $9.1A + $5.10; 78% and 74% 
respectively could do this subtraction ptpblem: "If 23,1 is subtracted 
from 62.1, the result is yet only li and 16% respectively /correctly , 

did; a moderately complicated checkbook balancing problem (NAEP Rept^rts^ 
1975). Schools reapt to charges th^t students can' t use /matherjlatlca^ by 
Increasing skill an^ drill work a:jLmed calculatioi^i, but the probability 
is that Johqny can/add— he just <^an't use addition. / 

Stlily it coild be ^rgued t/iat ability to compute is necessary 
even if not a j^u^ficient condition fpr meeting the olode$t ,<lemands of 
society. Whether things arife b^'tter or worse with respect to $imple com- 
putation ability than before tiis recfent reform is presently d matter of 



considerable dispute. / Although the debate has now nearly reached the 
point of ^'fruitless 'tis ^ 'taint argument it may be useful to review 
some pf the evidence, and tO/^ do so from an historical perspective. 

The expectation that all members of a society should have competence 
in arithmetic la a -very recent phenomenon. Not- until 1745 was arithmetic 
competence required for admlBsion to a college (Yal'e) in the United States. 
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(Harvard did not require the four fundamental operations until 1807.) 
Only in this century have state laws required children to be in school 
long enough to learn arithmetic. (Jones and Coxford, 1970) 

Arithmetic texts of the 19th century reflect the "faculty psychology" 
theory of the times and contain many problems we would consider today to 
be v^ry difficult (e. g. , multiplying two six-digit numbers) or intricate 
(e.g.i calculating cube root by hand). The 20th century has seen a rather 
continuous movement away from including hard problems simply for the sake 
of havitjg hard problems. As a result;', at any given time people appear 
to feel f:hat students are not as skillful as their parents. (See also 

Suydam, 1LB72.) 

\ 

\ 

Boss Reported in 1940 that median scores in grades 3 through 8 were 
lower- in 1$.38 than 1916. She concluded 

\ "the lower scores of 1938 do not indi- 
cate lower efficiency in arithmetic, 
but rather that the curriculum has been 
\ deliberately simplified and "that the 
pupils are younger and less selected 
\ than those of 1916. Not the lowering 
; of standards as is often claimed, but 
\ the widening of opportunity for'" contin- 
^ ued school attendance, produces the 

.lower mass ^average. " ^ ■ . • 

Beckraann In a 1965 study of 1296 students in 42 Nebraska high schools 
found that 

"students entering the ninth grade in 
Nebraska are much more mathematically 
literate today than they were 15 years 
ago." 

The questions used by Beckmann included both arithmetic and geometry. The 
mean score (out of 109 items) was 45.67 in 1951, 54.91 in 1965, indicating 
either that thie t;e8t was difficult or that competence was not particularly 
high at either time, 
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Roderick compared Iowa stucfents performance on the Iowa Tests of 

Basic Skills for the years 193&, 1951-55, 1965, and 1973. He reported: 

"The most dramatic differences observed were 
in the 1936 to 1973 comparisons on the var- 
ious topics. The students in 1936 were su- 
perior at both grades six and eight in every, 
area tested. 

/ 

/ 

In condensed form, this study presents evidence 
toward concluding that the modern mathematics 
curriculum 4nd/or its implementation is seriously 
deficient and ineffective relative to most of the 
long-term and still-held curricular goals identi- 
fied;" 

Our own assessment of the Roderick datta indicates to us that most of the • 
losses he identifies show up in the 1955 versus 1936 comparison, with 
quite mixed results from then on. So we question the strength of his 
conclusion. 

Roderick' s conclusions fit what seema to be prevailing public opin- 
ion. But in Ontario, where the "new math" controversy has been as heated 
as in the United States, a recent extensive study concluded 

"In contrast to the widely publici'^ed opinions 
of critics, this study clearly Indicates that 
elementary school students in 197A are just as 
capable of arithmetic computation as their age 
mates of 10 years ago." (OISE, 1975) 

A carefully written article summarizing the National Assessment data 

I 

on computational skills asked: 

"What do these NAEP data say about the 
effect of "new mathematics" programs? 
After all, the 13-year-olds and 17-year- 
olds could have been taught throughout 
their school experience in new mathematics 
classrooms. If the critics of the "new 
mathematics" were correct, the computation- 
al skills of these age groups would be very 
low. In fact the data show that 13-yoaif-olds 
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can do' about as well as adults on most 
computational tasks, and 17-year~olds 
can do better. Remember, the adult 
population would not have been affected 
by exposure to new mathematics programs," 
(Carpenter, et. al,, 1975) 

We already noted that calculation skill and ability to use 
mathematics are different issues. On the NAEP tests, only about one 
half of the 17-year-olds and adults (aged 26-35) could solve typical 
consumer problems, with the adults consistently performing higher. 
The interpreters concluded that this might be due to either increased 
life experience of adults with such problems or due to decreased em- 
phasis on such problems in newer curricula. 

I'ihat can we conclude? Although historically, arithmetic skills have 
been the foundation of the elementary school curriculum, the performance 
on these skills has never been as good as some would want. Performance 
on tests on computational skills has provided continual fuel to critlcizie 
the curriculum. Whatever can be said about the present curriculum, re- 
search studies show no consistent pattern of declining achievement over 
the last 20 years. In any case, such concern may be misdirected, as we 
have noted, because even without the advent of calculators, the ability 
to use computation, not computational skills as such, is probably the 
central issue. 

In this historical framework, calculators create a novel situation. 
For the first time, the need for computational skills is brought into 
question. (Uecall that the newer mathematics programs, while perhaps 
spending less time on computation Itself, proceeded under a belief that 
increased understanding of the underlying theory would cause graater pro- 
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ficiency in skills. Never was Che need for skills seriously questioned,) 
There is no more fundamental tenet of the mathematics curriculum than the 
necessity for teaching arithmetic skills. The fact that calculators force 
one to question this tenet may account for the intense public interest and 
for the extensive media coverage noted above. The- potential for wasted, 
misdirected, or plain wrongminded effort in accommodating to calculators 
is so great that it clearly warrants considerable and thoughtful consid- 
eration, especially in these early stages* Since any consideration must 
begin with existing school practices with respect to the teaching of cal- 
culation, we turn to that next. 
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C, The canonical calculation curriculum: numbers and their processing 
in grades K-6 

Since the calculator principally calculates, any assessment of its 
role in the curriculum is bound to focus on how it might interact with 
that part of the curriculum that deals with numbers and their processing. 
Hence it seems useful to attempt an assessment of typical patterns of 
schooling in those areas. 

It is the impression of many of us that "the calculation curriculum** 
and "the mathematics curriculum" for grades K-6 are essentially two names 
for the 3^me thing — that is, concern with calculation dominates those 
years to a very large extent. Even topics like measure, geometry, and 
probability frequently appear to be in books mainly to provide another 
context for calculation. However that may be, calculation concerns are 
at least the largest single component of the curriculum in grades 
To examine that curriculum, we looked at widely used textbook series from 
major publisbers, because in the great majority of classrooms such text- 
books deterraine the pace, structure, and actual learning materials for 
the students. For that purpose 'e went through two textbook series year 
by year and page by page and tallied the main content of eacih page into 
various categories. Here we include comments mainly on the calculation 
content,' which does ir^deed dominate these books. The first such book is 
by now an old standby and has been very widely used: Investigating School 
Mathematics , Addison Wesley Publishing Company > 1973 edition — referred 
. to hereafter as AW. The second is a newar serias that seems to be at- 
tracting a considerable followingi Mathematics Around Us , Scott Foresman 
and Co., 1973 edition, hereafter referred to as SF. 
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Before dealing with the calculation content of these textbooks 
(suinmarized on page 15) a comment on the ways in which such textbooka 
contribute to methods of teaching in the classrooms they dominaite may 
be in order. First, in spite of Piaget, and Dewey before hira, there is 
little acknowledgment in the textbooka themselves that the early (say 
grades 1-S> number experience of children might profitab-ly be based an 
work with concrete materials such as counters or colored rods. To b« 
sure, the books for these early years are lavishly illustrated with pLc- 
tures of many objects and diagrams of concrete situations (e*g*j for 
addition: pictures of animals in a pasture with others coming to join 
them) but it seems pretty clear that looking at pictures can't qualify 
as a concrete operation. Teacher manuals for both books (but especially 
for SF) suggest activities with concrete materials but our overwhelming 
impression from observing classrooms is that these suggestions are rarely 
followed. This overweaning dependence on symbol manipulation of one ^ort 
or another as the nearly exclusive diet for early work with numbers con- 
trasts with what nearly all of the best infonned people in our field nay 
would be more appropriate. It is easy to imagine that it accounts^ for 
the poor intuition for and understanding of number work on the part of 
many people that has characterized the results of school mathematics edu- 
cation for a very long time. 

To turn now to calculation as taught in these books some general im- 
pressions from our tally of calculation content in SF and AW caa.be suitrmed 
up as follows: 
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U) It is quite uncommon in these books for significant preparatory work 
for a given topic to appear at grade levels before the main introduction 
o£ Che topic into the sequence. , For example^ there are essentially no 
fractions treated before grade 4, and no operations even with simple^ frac- 
tions before grade 5. This lack of gradual buildup may be another result 
of the dependence of books on symbols, since the appropriate preparatory 
experiences should very' likely be quite concrete in nature. 

(2) The general pattern of developments in both books as revealed by 
the pa^^e count is very similar although the books themselves seem quite 
dlssixilar. An exception is that the SF book stresses decimal work on 
more pages (by a factor of 3 or so) and usually a grade level earlier. 
{The SF also has a more "applied" flavor throughout as context for the 
computational work.) 

(3) The general pattern is introduction of number facta or new notation 
at one grade level with no prior work, then development of algorithms and 
the like with increasingly complex examples at the next two grade levels, 
v;ith maintenance thereafter by review, use in story problems, etc. 

As to the actual calculation content, Table 2 and Table 3 summarize 
the tally of pages in two ways. , The relative emphasis in each book varies 
somewhat , but the mean captures very well a general impression of the se-- 
quence and emphasis in these books. Table 2 gives those means. Table 3 
is a very much simplified version of Table 2; a check (n/) indicates a 
beginning on a topic, often near the end of the textbook for that year; 
a plus sign (+) indicates main emphasis; a zero (0) indicaqea little or 
no attention to the topic at that grade level; the letter (ip) indicates 
at most skill maintenance exercises* ' \ 
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Table 2^ Number of Pages per Calculation Topic Averaged 
^ from Two Textbook Series 



Grade Level* 





1 


2 


3 


4 ■ 


5 


6 


wnoxe 


Addition Facts 


104 


80 


26 


10 


10 


8 


Number 1 


No "carry" 


10 


15 


10 


0 


0 ' 


• 0 


Addition 


Isolated carry 


0 


28 


26 


12 


0 


0 




Arbitrary sums 


0 


0 


10 


15 


20 


17 


'^^ole j 


Subtraction Facts 


88 


58 


28 


9 


7 


7 


Number . 


Single regrouping 


0 


27 


24 


7 


0 


0 


Subtraction I 


Arbitrary a-b (b^a) 


0 


0 


14 


18 


22 


17- 


l^ole 1 


Multiplication Facts 


0 


17 


35 


27 


9 


9 


Number 1 


X 10, 100,' 1000 


0 


0 


9 


15 


9 


7 


Multipli- ' 


Single digit 2nd factor 


0 


0 


18 


16 


6 


2 


cation ! 


Arbitrary a-b 


0 


0 


0 


17 


25 


20 


t^hole 1 


Division Facts 


0 


1 


28 


19 


13 


7 


Number 


Single digit divisor 


0 


0 


6 


16 


15 


0 


Division | 


Arbitrary a f b 


0 


0 


4 


20 


28 


34 




Meaning ; equivalence 


0 


0 




An 






1 


D a 


0 


0 


0 . 


0 


28 


23 


U^atiiDnal^ i 


a c 

b ~ d . 


A 
U 


U 


0 


0 


27 


18 


Fractions j 


















a c 
b ' d 


0 


0 


0 


0 


13 


22 




a c 
b d 


0 


0 


0 


0 


2 


12 




Decimals as 














(Finite) | 


Money; add, subtract 


0 


0 


5 


6 


0 


0 


Decimals 


Meaning of decimals 


0 


0 


0 


0 


9 


4 


Add or Subtract 


0 


0 


0 


4 


17 


18 




Multiplication 


0 


0 


0 


0 


11 


20 




Division 


0 


0 


0 


0 


0 
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Table 3 Grade Level of Introduction and EmphasiB 

of Computation Topics in Two Textbook Series 



Grade Level 





1 


2 


3 


4 


5 


6 




Facts 


+ , 


+ 


nt, 


m 


m 


m 


Number . 


Easy 


0 


+ 


+ 




m 


m 


+ , ~ 1 


Mature 


0 


0 


/ 




m 


m 


Whole ' 
NiimHpr 

X 

1 


Facts 
Mature 


0 
0 


0 


+ 

0 




m 
•f 


tn 
m 


Whole 

Number ' 

i 


-Facts 

Long Division 


0 
0 


0 
0 


+ 

0 


+ 


m 


tn 
+ 


1 


Meaning 


0 


0 


0 


+ 




m 




+. - 


0 


0 


0 


0 


+ 




I 


X 

■I- 


0 
0 


0 
0 


0 
0 


0 
0 


J 

0, 




- 1 


Money: +, - 


0 


0 


y 


v/ 


ni 


m 


Finite i 
Decimals ' 


Meaning 

X 


0 
0 
0 


0 
0 
0 


0 

a 

0 


0 

s/ 

0 


/ 
+ 


+ 


1 




0 


0 


0 


0 


0 





The ''m" desip^nation , meaning "maintenance" of skills, can mean worjt^ 
in problem sets or implicit in other operations. In that ca8e,'pafie8 
devoted to the subject don't appear, and hence are tallied as "0" in 
Table 2. 
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The main thing that strikes us in this tally is the extent to which 
new symbolic work of a fairly complicated sort is piled on in fifth and 
sixth grades. Tlie first four years consists of fairly leisurely vork 
with counting and whole numbers: the meanings of the whdl.q number oper- 
ations, extensive algorithmic work with addition and subtraction, and 
some with multiplication. The final two years of the K-6 school sequence 
have a heavy load of precisely those topics well known to be troublesome 

i 

to students: long division of whole numbers; common denominators; divi- 
sion of fractions; and virtually all work with decimals beyond addition 
and subtraction. Both the amount and complexity of symbolic calculation 
is very substantially escalated in these two years and it is not surprising 
that this proves to be very diffipult for very many students.* 

This curriculum sequence may help to explain the gut reaction of so 
many teachers to the use of calculators in schools: "Fine, but not until 
after at least sixth grade.*' More is at stake in that than merely the 
feeling that one should learn to compute "by hand** before getting a 
machine to do it. Even moderate use of calculatots before about fifth 
grade would upset this standard sequence radically by bringing a number 
of things into the school situation before their existence is acknowledged 
by the canonical curriculum. For example, calculators introduce multipli- 
cation of 'anything by anything; division of anything by anything; division 
that u3)ially leads to decimals; decimals more generally, and not merely, 
decimals for money. That is, if one accepts that the present sequence of 

*According to followers of Piag/t, many children in fifth and sixth grades 
may still be working at least in part in a concrete operations stage. But 
most of the work just referred' to is heavily symbolic, and "understanding" 
what is going on requires fairly ornate formal arguments. This is espe- 
cially so in the likely absence of work with concrete embodiments of the 
operations. 
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calculation development in schools is necessary and lor,ical> then one 
must view the calculator as disruptive. '"^ 

We believe that better sequences could easily be devised and- that 
the calculator could play a fruitful role in these sequences. At a min- 
imum, it would not be difficult to argue that the canonical curriculum 
has very serious weaknesses and is overdue for reconsideration. 

For example, the canonical curriculum of the primary school years is 
surely quite weak. Too little is known about how .young children learn 
best, but even what is known is often ignored. One signal of this is the 
almost universal failure to include even the simplest of concrete manipu-- 
lations in early number work. First grade workbooks usually consist of 
pa^e after page of equations with single-digit addition and subtraction 
accompanied at most by pictures of corresponding groups of objects and 
most children apparently do spend their mathematics learning time filling 
in the blanks in those workbooks. Suitable concrete work should enable 
earlier introduction of , non-negative decimals (as an extension of place . 
value) and, if so, addition and subtraction of simple decimals could pro- 
bably be included not much later than the addition and subtraction of 
whole numbers* 

O^e example of curriculum materials that attempt (only) the rudimen- 
talP-y reform of including considerable concrete work without changing 'the 
contentx^d grade level sequence of the canonical curriculum is Developing 
MathematicaJXProcesses . At present it has not gained wide acceptance. 
It may be that it attempts so much by way of v ariety of concrete work 
(admirable to be sure) and demands such special sets of equipment that it 
is seen as impractical for school use. 
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A more promising approach to the early school calculation curricu- 
lum is the fairly radical departure from it implicit in the Comprehensive 
School Mathematics Program (CSMP) . ' The program includes considerable 
concrete work. But more than that, decimals and fractions as well as 
operations using them are included from fi^rst grade on. Furthermore, the 
operations in the primary grades are not restricted to addition and sub- 
traction, contrary to the practice in both the canonical curriculum and 
the DMP variant. This is accomplished with concrete devices that allow 
for fairly ornate algorithmic processing. (The "Papy minicomputer" is 
the principal one used in CSMP, but other possibilities also exist.) 
These concrete calculators do more than accomplish the calculation work. 
They also embody important features of standard algorithms — for example, 
"carrying" and "borrowing" in addition and subtraction of whole numbers; 
power of ten shift rules for multiplication and division. To some, this 
might suggest that the variants suggested by" CSMP are ideally^ suited to 
a calculator based curriculum, with the more efficient electronic calcula- 
tor replacing the likes of the concrete minicomputer. But we think this 
suggestion would be Unwise — unlike the concrete calculators an electronic 
calculator obscures the process by which an anawer is^arrived at. But it 
would be an interesting exercise to consider the calculator as a teaching 
aid in the primary grades of such a curriculum, as an occasional alternate 
to the concrete algorithmic processing. 

In Fart III we will consider in greater detail some possible sugges- 
tions for the role calculators might play in the elementary school calcu- 
lation curriculum. 
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Part II 

Changes in Curricular Emphases Suggested by Calculators 

In this part of our fjssay, we turn from our general considerations 
of the ^i5resent situation to more specific suggestions regarding the 
future^' Finally, in Part III we become even more detailed in our dis- 
cussioifi of calculators and the curriculum. 

A. General Comments 

In this section, we suppose that a curriculum is to be platined 
which postulates the availability of calculators both in and out of the 
classroom. This assumption forces questions of selection and ordering 
of computational skills (e.g., division of decimals) and of algorithms 
(e.g;. , some way of getting the 'correct quotient). 

I One easily-stated option which presents itself is that skills should 

7 . 

be jlimited to those which are presently memorized and that all algorithms 
should be described in terms of pushing buttons on the calculator. This 
optiou has been supported by some proponents of the use of calculators 
and is often found as a "straw man" set up by opponents of calculator 
use in classrooms. There has not been enough time, though there might be 
experiments underway, to determine what would be the result of the replace- 
ment of all paper-and-pencil algorithms by calculator algorithms. ^ We can 
only corranent from our own experience. 

While it is true that generations of students have ddne reams of^ 
calculations without profiting from this experience, it, is also probably 
true that, among successful students and users of mathematics, some con- 
siderable part of their intuition may have developed as a result of this 
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work. Thus we believe that to discard paper-and-pencil calculations in 
their entirety would be unwise, even if these are little needed in the 
everyday world. 

On the other hand, the historical trend away from complex manipula- 
tions seems to us to have had foresight. Drilling students on such prob- 
lems as 346. 25A' X 18.97 would seem to have little use except as a game. 
So we believe that to keep all of, the algorithms with the degree of pro- 
ficiency which lis presently expected, and thus to ignore the existence of 

calculators, wOuld also be unwise. 

I 

I 

This leadk us to the following summary view of the place of skills 

I 

and algoritlimef in a calculator-conscious curriculum: 

1. [Students still must be required to have the 

i ' • 

(fundamental addition, multiplication, and sub- 
j traction facts available for immediate recall. 

2. '. Some work is needed with paper-and-pencil algo- 
1^ rithins (though not necessarily the ones now in 
I; common use) for each of the four fundamental 

operations. 

3. Younger students should have proficiency with the 
simplest types of computation in each of the four 
fundamental operations. 

However, the rationale for having these skills must be modified. We 
presently teach all arithmetic skills as if accuracy in computation is 
the only goal. With a calculator present, accuracy is not a problem. 
The strongest reason for having competence with simpler problems is to 
have theifabiiity to estimate the answers to harder problems. The time 

i 
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presently spent building up accuracy on quite difficult problems should 
be decreased and the resulting time should be spent on estimation and 
application. . . ■ 

4. The use of simple computations to help estimate 

answers to more complicated computations must be " 
' given strong emphasis. 

Some have wrltiten about the use- of calculators to check paper-and- 
pencil calculation. There are times when this might be an appropriate use 
of calculators (e.g. , for self-checking and immediate feedback) but over- 
use of this device seems unwise. For suppose that a student labors over 
complicated arithemtic exercises and a calculator is routinely used to 
check the student *s work. The student may rightfully wonder why he or 
she has to learn the skill if the calculator can do the problem more 
quickly and accurately. 

The reverse process, however, is most appropriate especially with 
respect to mental or paper-and-pen-cil estimation of answers either before 
or after a problem has been worked on a calculator. Detailed paper-and- 
pencil calculation as a method of checking for operator or machine error 
mig^t sometimes be useful, but could easily be overdone. 

We feel that these summary comments are helpful in guiding one's 
thinking about the roles- calculators might play in the curriculum, but 
such comments require elaboration tb be useful to curriculum designers. 
So we now turn to a discussion of specific skills and algorithms. 
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B. Specific Comments with respect to the K-6 Curriculum 

The following skills are necessary for the most rudimentary kinds 
of estimation • Even were calculators 'to be universal, their importance 
would remain. 

addition of whole numbers (including memorization of 

traditional addition f ac^s) 
subtraction of whole numbers (including memorization of . 

r 

traditional subtraction facts) 
multiplication by 1- or 2-digit numbers (including 

memorization of traditional multiplication facts) 
division by 1- or 2-digit numbers 
- . small integral powers of positive integers 

multiplication and division by 10, 100^ 1000, etc., 
.1, .01, .001, ..etc. 
The student needs to learn a paper-and-pencil algorithm for each of 
these skills. We do not have enough knowledge about algorithms to deter- 
mine whether the conventional algorithms are the best avaJlible, 

Simultaneous with the availability and widespread use of hand calcu- 
lators has been the realization of the advantages of and legislation sup- 
{iorting the conversion to the metric system. Pedagogically , the extension 
of base 10 notation to decimals is now thought more natural than the 
switch to fractions. Any of these developments would be sufficient to 
argue for an earlier introduction of the decimal system (in short, deci- . 
mals before fractions rather than after). Together they make an early 
introduction of decimals essential. The young student will see decimals 
on the calculator arising from Qven simple division problems; this may be 
the mbst appropriate time to introduce all kinds o£ decimals. 
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Thus nuiny of the skills associatod with decinials fiain in importance. 
.We have remarked earlier that estimation^-skills ^ain in importance. Spe- 
cifically, the follcwiuK skills need more emphasis in the curriculum, this 
emphasis to be^ given <2ither by an earlier introduction of the skill or by 
greater attention to the skill once it is introduced, 
rounding; 

estimation of answers to multi-digit problems by rounding 

to one or two significant figures 
addition of decimals 
subtraction of decimals 

multiplication of decimals with two or less significant digits 
division of decimals with a divisor of tx^o or less significant 

digits ' 
conversion of fractions to decimals 

conversion of certain decimals (suggestion: decimals equivalent 

to k/n, with n between 2 and 11, 1: any whole number.) 
There arc certain skills in the canonical curriculum for which it is 
not clear whether the payoff has ever been worth the effort. Even if 
there did not exist one electronic calculator, vo might have suggested 
that the teaching of these skills be delayed perhaps even as long as to 
the secondary school. Certaijnily there is no compelling reason for the 
student to learn every bit of arithmetic before the study of algebra. To be 
specific, we refer to the following skills with whole numbers and decimals: 
addition of long colutnns of 'multi-digit num^pers 
long division where; the divisor has more than two 
significant digits 
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multiplication where the multiplier has more than 
two significant digits 
Every problem of the above types is formiliable to the extent that* the 

accuracy of even good arithmeticians canrvot be guaranteed. They are 

i 

particularly the type of problem for whicth the calculator is a fast and 

I ■ 

reliable aid. }' 



326 



26 



C. The Future oi Fractions 

Because it is clear that decimals require greater and earlier atten- 
tion in order to exploit calculators, there is a body of 
opinion which asserts that fractions will lose much, if not all, of their 
importance. To us this opinion ±h often based upon a further assumption, 
namely that the total amount of time devoted to fractions and/or decimals 
should reraain relatively constant. We do not necessarily subscribe to 
that second assumption, aud so we do not believe that increasing work 
with one requires a decrease of work with the other. More penetrating 
analysis is needed. 

Fraction notation is associated with every division problem, expresses 
ratios (e.g., probabilities, scales), and is found in geometi;ic proportions 
and many formulas. For example, the change of mass with velocity is repre- 
sented by the formula 



m 




One would have to have an ample supply of negative powers in order to 
write the formula without fractions, 

m-m(yi-vc) 

° ■ ■ I 

(V/hile the use of negative powers would be an interesting notation to fos- 
ter and perhaps to study, it does not seem feasible given current practice,) 
The solution to as simple and fundamental an equati-o^ as ax - b is usually 

written as the fraction Thus it would seem to be disastrous not to give 

a 

strong attention to the meanings of fractions and, concurrently, to the 
notion of equivalence and simplification of fractions. 
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'.v'ith respect to operations with fractions, the situation is less 

clear. First, i aper-and~pencil work with fractions is not easily converted 

to work on the calculator. Unless one is working with a calculator whleh 

utilizes reverse Polish notation or multiple parentheses, the problem 
2 '' 

-J + ^ cannot be finished by pressing 2 / 3 -f 1 -f A on the calculator. 
Evea in reverse Polish notation, the answer will not appear as a fraction* 
This suggests that the symbolic algorithm a/b + c/d - (ad + bc)/(bd) 
should be taught, with the calculator (if needed) used only to calculate 
the numerator and denominator of the answer. (This suggest ion. was made 
by some before the advent of calculators due to the frustration students 

have learning the norcaal "leaat-common-denominator" algorithm for addition 

i 

of fractions and the easier transfer to some work with fractions in algebra* ) 

In shorty if operations with fractions as fract ions ar*^ Important, 
then having a calculator does not shorten what is co be learned. The cal** 
culator only shortens the arithmetic. Since traditional work with frac- 
tions has used small positive integers for the most part, the calculator 
is not particularly helpful. 

But are the operations important? Addition and subtraction of frac- 
tions usually occur with measurements; if measurements are to be solely 
in decimals (as is the case even now with money and temperature), then 
time spent on these skills should be decreased. For the few places that 
addition or subtraction of fractions would remain in use (the stock mar- 
ket, perhaps), the skill could be learned closer to the actual application. 

Multiplication and division of fractions occur with respect to ratio5?, 
rates, and proportions. For example, you may divide fractions if you kncv 
that your car gets l(y^- miles to the gallon on the average and you wish to 
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know how much gas you have used if you have travelled 260 miles since the 
last fill-up (an actual problem experienced by this author within the 
last nionth - and the fraction is crucial when the gauge registers less 
than er*pty!). If a model is to be 3/8 actual size and you want to know 
how long certain dimensions will be in the model, then multiplication of 
fractions is appropriate. It is clearly possible to do all of these cal*- 
culations with decimals. But 3/8 is sometimes easier to picture (what 
has leni^th 3 in the model has length 8 in the original) than .375. If 
the calculations are done in decimals, will understanding of the situation 
be decreased? Or does that qi^estion assume student understanding which 
is often lacking and cannot be decreased! 

The above arguments indicate three suggestions with respect to the 
teaching of fractions in a calculator-available curriculum: 

1* Less emphasis should be placed upon arithmetic operations 
with fractions. 

2. More emphasis should be placed upon symbolic manipulations 
with fractions. 

3. Continued emphasis is needed on the meaning of fractions and 
work with, equivalent fractions. 
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D. ^ Arithmetic Skills Introduced in Grades 7-9 

The arithmetic skills normally introduced in grades 7-9 are the 
following: work with percentages, calculation of square roots, the four 
fundamental operations with negative numbers, and occasionally scientific 
notation and/or work with negative exponents. In all cases, these skills 
are considered more difficult than those skills of the K-6 canonical cur- 
riculum and judging from the content of remedial texts, \^ith the exception 

\ 

of work with percentages they are considered less important. 

Work with percentages remains an important skill for the consumer to 
have. Decimals make it possible for such work to be given earlier. Though 
we would prefer that the *'pepcent" key on many calculators be replaced by 
a key with a noriredundant function, the presence of this key could also 
motivate early introduction. 

A similar early introduction would seem to be natural for negative 
numbers. The common saying "You can't take 5 from 3" was always silly but 
ia not even applicable when calculators are available. A student who 
punches in a subtraction problem in reverse order will see negative num- 
bers correctly appear. But any early introduction will be impossible un- 
les^ it is coupled with the variety of common life situations in which 
negative numbers make it easier to operate: profit-loss in business; gain- 
loss in weight, football, or stocks; ahead-behind in bowling or golf; east- 
west or north-south movement; height above or below a fixed level; and so 
on. The general public, despite the use of negative numbers on television 

and in newspapers in situations like the above, still views negative num- 

\ 

bers as artificial and lacking any meaning in the real world and for this 
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reanou r-iy i\ol !>u;>iHn i any curriculum in which all atiulontn receive early 
introduction of nex^ative numbers. 

Scientific notation h.is always been used to estimate very large or 
very srr.all nunler^. On sone calculators, a knowledge of scientific no- 
tation is needed to interpret answers. If estimation is to be given the 
stroranr role that it deserves, scientific notation as a tool in estimation 
and representation of numbers will increase in importance. This would 
r^rtu* an earlier introduction of addition and subtraction of positive and 
ne/ative inte>^org as well as increase the already important . role given to 
p()v/eri^ ot ten. 

Triou:3i; there are reasons to introduce the meanings and interpreta- 
tions ol rie,;ative nunbera earlier than in the/ present canonical curricu-- 
iu:- (i.e., earlier than grade 7) and work with addition and subtraction 
ol those nur:bers before grade 8, it does not seem necessary to multi- 
ply or divide witli negative numbers any earlier th^n in current practice. 
We nake this statement cognizant of applications of these operations 
(changes of direction and size as examples of multiplication; rates of 
loss or going back in time as applying division) but feel that there are 
more important prior curricular considerations. 

Calculation of decimal approximations to square roots by either the 
Archimedean or ''divide-and-average" algorithms is an anachronism. To 
most students these algorithms are of mysterious origin (even if the teach- 
er takes the time to give their mathematical justifications) and they do 
not ccntriVute to an understanding of what a square root is. The authors, 
neitlier of vhom considers himself to be poor at computation, have never 
t.r-;9teci tvioir ovn vjrk v;lth thci^a alrorithms. Given calculators, the best 
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algoritlun would seem to be to test potential square roots or approxima-" 
tions to square roots by squaring these numbers. (We" also believe that 
a Square root key is more useful and more justified than a percent key 
on calculators, but on this point the public may have more influence than 
mathematics educators.) 

/ 

/ 
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E. Remediation in the Secondary School 

Remedial work with arithmetic skills and algorithms characteristi- 
cally takes place In "general mathematics" and, to a lesser extent, in 
"two-year algebra" courses taught in grades 9 and 10. Judging from avails- 
able materials, in some of these courses there is little other content 
than this arithmetic, in others the arithmetic is placed in a "consumer" 
context, while in still others a potpourri of mathematical topics in- 
cluding computation is studied. 

Here we acidress the question of the effect of calculators on the 
need for and treatment of calculation in these courses. Again we believe 
that the wisest strategy lies somewhere between the unqualified "Yes" 
(use calculators for everything) and "No" {don't use calculators at all) 
positions, but ivre are strong in our belief that on this Yes-No continuum 
the most appropriate use is closer to the "Yes" end. 

Students in these courses characteristically are very weak in arith- 
metic skills. That is, they have not been able to assimilate many of the 
paperr-and~pencil algoi^ithms which they have presumably been taught in 
grades K-8. As a result, .many of the patterns (and, as a consequence, 
the understandings) which more proficient students see in numbers have 
seldom bsen seen by these students. And the applications , seem remote if 
not impossible to carry out. ' It does not seem to be a formidable task to 
prepare materials which could help these students to explore both patterns 
and applications. 

Certainly, there is little reason to continue what have been ineffec- 
tive* procedures . Thus we recommend that only the following topics be 
covered without the presence of a calculator: 
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addition of whole numbers (including memorization of 

traditional addition facts) 
subtraction of whole numbers (includinj? memorization of 

traditional subtraction facts) 
multiplication by 1-- or 2-di|git whole numbers (including 

memorization of traditional multiplication facts) 
division by 1- or 2-digit numbers 
small integral powers of positive integers 
multiplication and division by 10, 100, 1000, etc., 

.1, ,01, ,001, etc. 

-f 

work with fractions as suggested on page 28 

meaning of decimals 
All other arithmetic skills should be covered with a judicious balance 
of paper-and-pencil estimation and calculator calculation. 

Opponents of calculator use in remedial courses give arguments which 
we feel are moral in nature. It is necessary to consider these arguments 
but such consideration would lead us away from the specifics which charac- 
terize this section. We have treated one such issue in Appendix C. 



334 



3A 

F. Sunnnary 

W suppose that a curriculum is to be planned which postulates the 
availability of calculators both in and out of the classroom. In -the fol- 
lowing table, wG summarize the importance of various skills in such a cur- 
riculun as compared with the treatment in the canonical curriculum. 



Fundarncntal Operations: 


Addition 


Subtraction 


Multiplication 


Division 


wliole numbers: 
2 digits 


0 


0 


0 


. 0 


2 digits 


0 

(columns -) 


0 






Decimals : 

^ 2 sig. digits 


+E 


H-E 




+E 


> 2 sig. digits 


0 


0 






Fractions : 

calculations 










symbolic manip. 


+ 


+ 


+ 


4- 


Estimation of answers: 




+ 




-h 


Negative Numbers: 


OE 


OE 


0 


0 



Conversions : 

fractions to decimals: H-E 



decimals to fractions: 0 (certain ones +) 

Percentages 0 
Square Root Calculation - . 

Scientific Notation +E 

Code: 0 ■ likely to remain equal in importance 
+ » likely to increase in importance 
- 'likely to decrease in importance 
E likely to appear earlier 
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,'; Part III 

/, Notes for an Alternative Calculation Curriculum 

/;'■ ... ■ - 

A, General Comments 

When one speaks of "the" mathematics curriculum, it is important to 
distinguish between (a) the "canonical*' curriculum, as represented by 
current best-selling textbooks, (b) already existing newer curricula, such 
as those represented in the DMP or CSMP materials, and (c) a hypothetical 

\ 

or envisioned curriculum which exists only in someone's mind or in rouRh 
outline form. The uses one sees for calculators vary according to wheth- 
er one's frame of reference is a curriculum of type (a), (b) , or (c). 

Let us review some observations made earlier. In the canonical cur- 
riculum, arithmetic skills have been taught as an end in themselves. 
Though the ability to apply these skills in the world is a universal goal, 
the materials do not reflect this goal and recent tests suggest that the 

skills are learned but not the application. The absence of consumer-ori- 
some 

ented problems on/standardized tests for grades K-5 or even K-8 is a fur- 
ther indication of this skill orientation. 

The canonical curriculum contains almost no work in estimation or ap- 
proximation, only the most rudimentary applications, and little in the 
way of handling data. In classroom practice, there is virtually no con- 
crete work, even in the primary grades. And as we have noted earlier, the 
numbers and operations used at a particular level tend to be strictly con- 
trolled, parcelled out slowly, and with little grounding at one level for 
what comes next. 

Now let us suppose that we insert calculators into this canonical cur- 
riculum without making curricular changes. First of all, the entire testing 
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framework is affected. Exactly those answers which students spend hours, 
days, and months learning how to find are those answers which the calcula- 
tor computes quickly. A good teacher will devote time to explaining why 
an algorithm works, but a calculator hides the algorithm, and seems to 
make all that superfluous. Thus the calculator would seem to destroy cur- 
rent rationales for learning arithmetic: skills. 

Furthermore, what the calculator does well is not reflected in the 
canonical curriculum. The calculator allows for the handling of more 
complicated data. It makes trial and error methods feasible in many con- 
texts. The calculator displays a huge variety of real numbers not usually 
encountered in the early grades. It is not until grade 7 at the earliest 
that the canonical curriculum involves all of the numbers and operations 
displayable on the simplest 4-f unction calculator. Also, exploiting the 
calculator requires some knowledge of estimates, knowledge which usually 
does no^ result from this curriculum. 

It is thus our belief that the insertion of calculators into K-6 
classrooms using most existing curricula is fraught with peril. There is 
the potential for abandonment of those skills which are necessary even 
given universal availability of , calculators (see part II), there is a com- 
plete shakeup of the fundamental reasons for teaching mathematics in 
these grades without a conspicuous alternative represented by the mater- 
ials being used, and the unique features and abilities of calculators in- 
troduce concepts and numbers into the classroom which are not reflected 
in the materials. And in a curriculum that already has virtually no manip- 
ulation of concrete objects, the calculator removes most of the manipula- 
tions with numerals. 
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Both the DMP and CSMf curricula seem to be more suited to the appear- 
ance of calculators. Each is more attached to the real world. Each uti- 
lizes concrete materials. Eac^ does work with estimation. The CSMP cur- 
riculum might be the better suitb.d of the two, due to an earlier introduc- 
tion of many types of numbers. \ 

But, to our knowledge, neither ci^rriculum allows for calculators or 
gives special activities utilizing uniqix^ aspects of calculators. (One 
could not expect the designers to have foreseen the appearance of these 

devices so quickly.) In each, the calculat^ could be an adjunct with 

\ 

fewer, but still with existing, threatening aspects. 

Thus it seems that if calculators are to be used in the elementary 
grades, alternative curricula must be designed with calculators in mind. 

V;e believe that it is possible not only to make room for fruitful use of 

i 

calcujlators but also to alleviate some of the weaknesses in the canonic^al 

I 

curriculum. As something of a partial existence proof of this possibility, 
the pages that follow include pieces of a rough outline for one such cur- 
riculum alternative for the elementary grades. The main features of this 
alternative are greatly enriched content in the early grades (as in CSMP), 
work with concrete materials, and, of course, use of calculators. 

In considering the material that follows we ask the reader to keep 
in mind the fragmentary and tentative nature of the suggestions made. 
With respect to content we are concerned only with number and calculation 
and even in that we are not exhaustive. With respect to sequence, the 
(partial) outline is at most only suggestive. With respect to work with 
concrete materials, only a small sample of the possibilities is listed. 
^ more complete outline would carefully assess what is by now a rich field 
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in order to specify what would best embody each idea, and perhaps also 
what would mesh best with the presence of calculators, ) With respect to 
calculators, most of the exercises suggested have emerged from preliminary 
and quite informal trials^ of calculators by twenty teachers or so; they 
clearly do not exhaust the possibilities. Furthermore the outline is 
uneven,, with mucli more detail for early work than for later work. This 
is mainly in response to the widespread impression that calculators have 
potential only (or at most) for work in the upper elementary grades and 
beyond. That is, we outlined the early grades in more (but still far 
from sufficient) detail because that is where there appears to be most 
skepticism both with respect to richer content and with respect to fruit- 
ful teaching uses of calculators. 

Finally, the reader should know that what we regard as perhaps the 
r.ost promising teaching use of calculators is virtually omitted from the 
material that follows. We refer to the possible role of calculators in 
helping youngsters make sense out of numerical data. We assume that at 
almost any level, problems beyond the paper-and-pencil calculation power 
at that level can come from contexts that youngsters nevertheless under- 
stand and find interesting. Assuming the youngsters can understand both 
the data and results from processing that data, the calculator can give 
them power to do the processing. In further development of any such cur- 
riculum as is suggested by the material that follows, we believe these 
^possibilities shoul(^ be fully developed. Examples could come from every- 
day o.Kperlence , f roml many excellent new elementary science programs, from 
L'SMKS-type challenges, from various aorta of projects including projects 
for social studies or language arts, from Nuf field-type activities, and 
so on. 
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To sum up, the pages that follow include merely some first draft frag- 
ments for what might profitably be developed into an outline for a full- 
scale alternative to present practice. No one is more aware than we that 
it is not yet a fully developed alternative. But we think this material 
may suggest that serious efforts to find a useful place for calculators 
in teaching elementary school mathematics (including the primary grades) 
could be rewarding. If so, the modest objectives of this fragmentary 
listing have been achieved. 



40 

. B. Some possible activities for Phase I of a Calculation Curriculum: 
Introducing the Child to Arithmetic 

In the first phase of the child's experience with arithmetic, each 
concept is introduced through actual manipulation of concrete objects. 
Inputs to and results from the concrete manipulations are to be recorded 
on paper in order to establish links among the concrete, the verbal, and 
the syrabolic, and also to keep track of the processing. Because the cal- 
culator disguises the processing which it does, it is particularly impo^ 
tant that the same kind of recording be used with calculator inputs and 
results. 

Keep in mind the general caveats mentioned in the general comments 
above : 

(a) Only calculation content is dealt with here; any reasonable curricu- 

a - 

lum for elementary school mathematics must include much which is 
not calculation. 

(b) The outline is not intended to be exhaustive in any respect; we know 
that some important content may be neglected; many other useful con- 
crete activities exist; there are many other ways to exploit calcula- 
tors to increase understanding of arithmetic. 

(c) Understanding of arithmetic can probably be reinforced in many ways 
by using calculators to help make sense of numerical information 
that comes up in school exercises or that youngsters generate or 
bring in, but we list few of these possibilities. 
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A5 . 

C. Some Possible Activities for Phase 2 of the Calculation Curriculum: 
Building Up Skills and Concepts 

Skill^building begins before Phase 1 ends and includes the basic 
addition, subtraction, and multiplication reflexes. During Phase 2 the 
alt^orithms for the fundamental operations are established and some paper- 
and-pencil competence and accuracy is expected. 

The "concrete" work in this phase becomes more coded. For example, 
dowels of the same approximate size can replace lO-bundles (with only a 
few actual bundles left for regrouping). Work with counters can be done 
on a place-value sheet. This allows for work with decimals without needing 
physically smaller pieces for tenths, hundredths, etc. 

The work of this phase is specified below in less detail than before, 
witli tlie examples simply meant to suggest types of uses of concrete mater- 
ials and of calculators. The main objectives here are to demonstrate the 
existence of fruitful work with these aids and to stimulate thought in 
these directions. 
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D. Some possible activities for Phase 3 of the Calculation Curriculum: 
Applying Arithmetic Processes 

This is a phase which begins before phase 2 has ended, with vLsps 
as early as Grade A, and continues through the remainder of the child's 
arithmetic experience. Here one takes advantage of the skills and con- 
cepts built up in Phases 1 and 2 in a variety of general ways: using the 
skills to estimate answers; using the concepts to develop shortcuts and 
applications of the arithmetic; using both to search for and utilize 
aU',orithms for specific purposes in the processing and understanding of 
data . 

In^outline we have only listed content which is not found in the 
previous phases. Of course, we expect that concepts and skills from the 
other two phases will be elaborated upon, as indicated in the preceding 
paragraph. Also, we have not listed all the new content that might be 
included in this phase. 

In this phase, one relies on number patterns more than concrete em- 
bodiments. This is not to imply the absence of concrete work, especially 
J or new concepts, but the reliance on concrete work should be diminished. 
In the place of some of the concrete work should be increased work with 
actual data; always with attention to questions of "reasonableness" of 
ansv/ers . 



349 



49 



Content 



Illustrative calculator work 



C£) Pe rcent ages 

(Here the calculator enables 
consideration of data which 
would otherwise be formid- 
able.) 



*If calculator has a percent key, demonstrate 
its redundance — i.e., equivalence of algorithms 

^"Evenness" of percentages ; i.e. , calculate 5Z, 
10%, 15%, ... of same number, note pattern; 
repeat with 95%, 100%, 105%, ... 

*Percentages from large samples — e.g., use 
actual data to estimate the percentage of 
people in the U.S. who live East of the Miss- 
issippi; discuss significant digits 

^Discounts on actual prices; 20% followed by 
10%, etc. 



U^ary operations: 
square root 

"greatest integer less 
than" 

and other roundings 

(Here the imprecision of the 
calculator fits well the 
student's view of square 
roots as being inexact.) 



^Estimation of square roots by trial and error 
Squares of numbers; algorithm for getting 
best possible calculator estimate 

^Analysis of calculator rounding; e.g., how 
does 1 T 3 on the calculator compare with ^ . 

*Krror compounding in multiplication or divi- 
sion; e.g., compare 2.49 X 3.A9 with 2X3 



(n) Powering (a^ where b 
is an integer, a 
arbitrary) 

(Here the calculator enables 
one to do calculations 
which could not otherwise 
be considered^ 



^Calculation of powers of integers; patterns 
of final digits; verification of laws of 
exponents by calculator 

*Calculatlon of compound interest; e.g., con- 
sider how lonp it takes money to double at 
various rates 

^Comparison of exponential growth to linear 

growth 

2 3 
*x,x , X ; e.g. 



in connection with linear, area, 



volume , relationships 



^Demonstrations that x 



n-fl 



< X , and X 0 if 



0 < X < 1; applications to probabilities of 
independent events 



(o) Scientific nota tion 

(Some calculators will force 
a need to consider this con- 
tent, particularly in the 
context of powering^ 



* Motivated by need to write very large or 
very small numbers on an 8-digit keyboard 

^Calculator for patterns in lo"^ • 10^ and 
*Reppated division to show nepativo exponents 
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Appendix A:- Some Frequently Asked Questions about Using Calculators in 

Schools and some Tentative Answers based on Informal Trials* 



It cannot be too strongly emphasized that these comments are based 
on quite informal trials and feedback from only about twenty teachers. Con- 
sideration of any particular cjuestion may depend on feedback from only one 
or two teachers. That understood, it still seems useful to try for first 
approximation coiainents on a variety of questions. Roughly speaking, ques- 
tions about learning possibilities are at the head of the list, with ques- 
tions that touch on administrative matters at the end of the list. 
1. Is explici t instruction in usinj:^ the calcu la tor necessary ? 

Based on our trials we believe that at least from fifth j^rade on child- 
ren iearn to use a calculator very quickly (usually within an hour) with 
at most A worksheet that makes them confront various possibilities. They 
tend to learn to do the things they know something about; e.^»., if they are 
unfamiliar with division they Ignore that key^ They learn both from the 
machine and each other; discoveries about shortcuts and particular quirks 

are quickly shared. (Despite this, there are;already advertisements — e.g. in 

i 

Learning magazine — for filmstrips on how to use a calculator!) 

Certain concealed features, such as automatic constants or repeating 
operation keys sometimes need to be pointed out but correct use of them 
is quickly mastered once attention is drawn to them. 

Some teachers who used the calculators in grades 1-4 taught several 
iitudents explicitly and these students taught others. But self teaching 
was effective in the Page first grade and Garmony third grade groups. 

*Thi3 is part of Appendix 1 to Bell, M.S., £xplo j\atiQn s into Ways of Improving 
th e Elementary Mathematics Learning Experience , a report on a project supported 
by NSF grant PES 74-18938. The references herein to specific teachers or grade 
levels relate to anecdotal reports on classroom trials of calculators that are 
included in that same appendix, but which are not included here. 
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2 Uo children "naturally" detect errors; that Is, do they reject clearly 
u nreas onab le answers ? 

On this question we have mixed reports; some explicit research would 
be profitable. Tentatively we feel that older children who have good "num- 
ber sense" can carry this over readily to calculator work but do not 
do SO autonatlcally (see Schaeffer report). Simil arly, for younger students, 
sone but not all of Page's first graders were uncomfortable about wrong 
answers and asked the teacher to look at them. Some upper grade students 
doing worksheets with division by .1, .01, etc*, claimed the calculator 

was broken because it gave bigger answers—Chat is, they noticed what 

f 

s eemed to them to be a wrong result • But many youngsters in all 
grades seem accustomed to accept whatever "answer" a calculation leads 
them to and this carries over to calculators. Thus, for example, many 
ciaiidren unfamiliar with decimals ignore the decimal point altogether in 

writing? answers, no natter how ludicrous the result. As to how many sig- 

ft 

nificant figures to keep, nearly all children write whatever the calcula- 
tor says — and often wish aloud there were more than the usual eight digits. 

It seems to us that school neglect in teaching of approximation skills 
and of good sense about significant figures is plainly revealed when kids 
use calculators?. Such things simply must be more emphasized if calculators 
are used in schools, but they should be more emphasized in any case* 

3. Has the ca lc ulator any potential for diap.nosing gaps in understanding 
o f c o n t e n t^ 

VJ.? think thorc is considerable potential for this though none of our 
trials vere directed to that end. For example, when using calculators 
wich*elghth graders we learned very quickly who does and who does not un- 
derstand what decimals mean, even tor youngsters who could do certain cal- 



culations using decinal nurabera. As another CKample, in a certain sixtn 
grade class, the problem 38 t 144 was answered (on a six-di?»,it rrachine) 
as 3.78947 by six students. 376947 by two. 26...8 by four, ami (the 
correct answer) by only two students. Those various responses t*lve very 
clear signals for follow-up. Using the same problem with about 75 ei^^^.th 
graders gave similarly clear clues to difficulties (but far more studant.s 
did it correctly, as one would expect). Alsop every problem-solving ur.e 
revealB only a minority that understand about si^^nificant fij?.ures in 
measure and calculation, 

We believe the diagnostic possibilities are considerable and further 
work on them v/ouid be warranted. 

^_^__iLQ -^A^dj^s" beco me curious about function.^ oji^t^ie machine that are 
un r am ilia r t o them? ^ ^ ^„ 

As far as our trials fio. this is an open question. T!Urd p.radera 
asked for more intormation about multiplication, but they already kner-; 
about multiplication in simple cases. These same youn^aters asked about 
the meaning of decimals and settled (for the time beinr;) for a simple 
*"whole number plus a little more" sort of answer. They did not ask 
a*^;out division and ignored the division kev. Similar results were found 
with first graders. All the sixth graders discussed in above did the 
divi<5iou problem de-Kinded of them (they might have Ignored division othei-- 
wise), but TT.ost did it wrong and no one, apparently ,v^aa moved to aak about 
it. Tentatively, the obvious answer seems probable: valid discoveries 
from cnmpletely unguided exploration of unfamiliar keys is unlJkoly hut 
tlierM rhiy ht» conrs iderable potential for f^uided exploration of partly fa- 
Tiillar thiriqs. The unknovni keys seem not to be distracting, so it at 
I'-icitit. 'ruiy do no ham to keep further mathematical poqaibll Itleis in tlie 
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er.vironr.ent (by way of extra machine keys) and for cert^iin younnstera and 
certain teachers some nice explorations might result. I^hat possibility 

nt,^>do to be balanced against extra cost. I would like i^ if at least nT" 

\ 

vere on nuarlv all machines, perhaps instead of the usuai^ % key. 

\ 

Are child ren interested in the calculators and if so, ^ does the Interest 
last ove r an extended period? | 

Tatre is invariably very high initial interest. From our trials, we 
liiid t'uit high interest persists over a long time period provided students 
.ite "iv interesting thincs to do with the machines; indeed they demand 
to liavo thin^u^ to do with them. Nearly every teacher in these trials com- 
:i-,ut:ed cn !inw raotivating the calculators appear to be to kids and not a 
* ov; teac-iers have said that "discipline problems" virtually disappear when 
^ "a^-hiues are used, even in quite difficult situations. The main prob- 
I 'vn, or course, is that few school mathematics materials have really inter-- 
ei^tln^: problems in them that exploit the power given youngsters by the cal- 
::ul3tor3™a situation that most* certainly should be remedied, and the 
H^.^^UT U\e. better! 

It could happen, of course, that interest in the calculators will 
i: .i j tney become a very familiar feature of our society. But we have 
■con no evidence that "familiarity breeds contempt" either in these trials 
i:r ror individual youngsters of our acquaintance who have now had calcula- 
lorn for several years. 

uz childrea be come dependent on the calculators? Does it matter? 

l.i^h^ it di3Countiag the possibility of overdependence as a long range 
•:'^'^.t >r .i r^v5ult ot unwise pedagogy it is clear from our trials to date 
V-.i:: is riot a significant problem. Children at first do everything 
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in sipht on the machine but in all our trials they rather quickly gained 
good jxidgment about doing easy things in their head (whenever they could) 
and using the machine at moat for things they would otherwise have done 
by pencil and paper algorithms. It is clear that many critics of the use 
of calculators in schools would regard any use in place of pencil and paper 
as leading to overdependence but there appear to be easy safeguards • For 
example, inost teachers in these trials periodically demanded paper-pencil 
computation even with calculators present and the students seemed to go 
along with this without resentment. 

It is unclear to us how much to worry about possible increased depen- 
dence on calculators. "The batteries may run dowr/' as the main argument 
for no de-emphasis at all of hand calculation seems somewhat silly. More 
troublesome is the fact that we know very little about how children learn 
mathematical concepts, or even what they learn from the usual sequence of 
experiences. That being so, it would be unwisa to discount the possibili- 
ty that algorithmic manipulation of numbers agf such contributes to the 
learning' of important mathematical concepts.. It is easy to imagine that 
the very intricacy of the manipulations plus the patterns and rules that 
make then work may sometimes result in important, even if unspecified, 
learnings. The existence of calculators suggests ways of inquiring into 
the issues here and this is another arefjl where research should be fruitful 
(with, of course, appropriate safeguards). In the meantime, a conservative 
(hnl not in^.movable) posture toward the learning of calculation in schools 
rieena warranted. 

*Thcre can be no doubt of one thing: good "reflexes" with respect to 
basic multiplication and addition results ("learning and tables") remain 



vt-ry eMsenClal. V/ith or without a calculator it is crippling not to have 
Jiucii reflexei?. We feel the san:e about a very sure feeling for effects cf 
r.tiltiplication and division by powers of ten—a feeling that far too many 
reopie now fail to acquire. 

• ig^^£,^Jgg_oj_ jiq^Mn co nfiguration an importan t i ssue? 

The first thing to be said is that in our crisis children adapted to 
I variety of machines without difficulty and seemed to be able to switch 
iroT. vne machine to another v/ithout confusion. Thus it seems safe to say 
that at leaat for older children, any machine that gives reliable results 
c-uld be U3ed. But there still remain intriguing unanswered questions 
that irerit investi;^ation, and this is especially true for use of calcu- 
lators with children in the primary grades • 

In addition to power source (rechargeable battery, ordinary battery, 
\J adaptor) three aspects of configuration need consideration: 
:?,) di:3play: left to right entry or rlf^ht to left entry; scientific no- 
tation or not; number of digits and possible choice of that; 
sise and color of display; etc. 
j) keyboard: wh.ich functions and number of functions; change sign keys; 

memories; cons tant-^-automatic or keyed; repeating keys; multi- 
purpose keys; etc. 
c) type of logic: algebraic (equation) logic, arithnotic logic 

as on n':ime inexpensive machines; reverse Polish notation (RPN) , 
vltii a "stack" that sets it markedly apart from the similar 
arithr;etic lo;'ic. 

'iies^ various a-,nects are combined in a bewildering array of choices in 

'^e calculator rv:rketpiace. But by now an inexpensive (under $10) consum.er 
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oriented machine has energed chat is virtually identical among major dis- 
tributors: non-rechargeable battery with adaptor available; eight digit 
display with entry from the left; the four standard operations and a 
fairly versatile percent key; automatic constant which makes powers, recip 
rocals, repeated products, sums, and differences available by repeated 
punching of operation keys; no multiple use keys^ except possibly C/CEo 
A tew more dollars buys very similar models with memories, and a few 
more dollars buys similar models with square roots, reciprocals, and^ some 
times, scientific notation. Beyond that considerable variety remains the 
rule. 

A nunber of people have by now delivered theraselvea iit print of 
opinions about what sort of machine should be purchased for school use. 
Tlieae opinions are remarkably similar to each other: algebraic logic, 
keyed or autonatic constants, rechargeable batteries, and no multiple use 
buttons. The trouble is that this standard advice is not based on any 
evidence about what may work best peddgogically , Over the long run such 
issues deserve investigation. Findings from investigations can influence 
dissli^jn since tiie schools marksst v^lll presumably be important enough that 
calculators to i>iven specifications can be made available. 

The possible pedagogical ramifications of various combinations of 
display, keyboard, and machine lo^ic are far from clear at present but 
such issues certainly exist and they i^iay be non-trivial, especially for 
< ilculatoTH use(i wlt!\ younger children. Here are a few such issues and 
quentinns suggefitnd by our eighteen months of informal work with calcula- 
t-'^^rs 'in schools: 
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V.ork with first .:^r;ider3 su^.gescs the possibility that the standard 
'list 1 ly f/;:r. fee.U^ in .iigits from the ri^^ht may lead to more number 
rL^-VorSv'il errors in writing or reading numerals than displays (e.g., 
Hewlett I*ackard--HP) that feed in from the left. (That is, for 78, 
fir.^t OniljCOO?., then 00000078 on most calculators, versus 7,0000000, 
then 7d. )0Q000 on some calculators.) 

All ilaplays obviously have limits on the number of digits displayable, 
-ini shildren soneiiow find that dismaying. That is, even though with 
el.'^t places iarfer numbers can be displayed than children normally 

or use, they vant more. Rut there are obvious pedagogical possii- 
bill ties in the lessons to be learned from such limitations, and in 
v.v/s of coping, wir/n them (for example, with scientific notation — see 

Childr»^n are dif^nayed by the penchant of calculators to give decimal 
ansv/f-rs v/iiere there "should" be whole numbers (e.g., (1/3) X 3 « 
. ^ v^/ -ri), >nr.,i» calculators (!iP again) cleverly avoid such 
' di: 1 iculties" and presumably it would be possible to program a cal- 
> il it or to p<jrior:vi integer arithmetic correctly, or even to switch 
between integer and floating point modes. But it may be that the 
l^^ii onr; of round'-off error are too valuable in themselves to try to 
over.^otne tliC "wrougness'* of the standard machine. How careful to 
: ir thiq rerjpent may be a functiopi of the age of the child, but 
rr.en a.^.ain it may not be. 

A«:a^n vinl; r^^jpert to integer versus decimal arithmetic, most divi- 
t'ior. i p,iv£i at^clnal anwera, but there are many real life sltuationo 
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leading to division where quotient and remainder la the appropriate 
response, or vhere a remainder expressed as a fraction is easier to 
interpret th.in a decii^l. (K.g^j if I divide these 13 cookies monp^ 
three children, • ^loriaiadcrs can be retrieved from the decimal 
an*3ver and dotn;; 90 may be a valuable lesson at some points but per- 
haps not for children first learning about division. Calculators 
with a "q" or''(Q,R)" option switch might be useful for early grades s 
ilri^t perhaps set by the teacher, later a choice to be made by the 
c! lid according', to the sort of problem at hand. 

All the printed advice Ko've seen on buying school machines specifies 
algebraic logic, but that nLiy be very wrongminded advice indeed, 
Firat of all, tliere is no indication that tho equation format (e.g,, 
7 > 8 ° [[] ) !or calculation is the natural way for children to think 
as opposed to the column format suggested by RTN lo^.ic (enter the 
nur.ber3, then operate). Indeed none of our work v;ith first graders 
su>!,7,e:3ts the contrary. Second, with equation format either parenthe- 
ses are needed (more expensive machines increasingly have them on 
tiEif keyboard) or intermediate results must be recorded (or stored in 
nenory) and re--entered, or calculations must be rearranged in fairly 
ornate ways3. There are useful learnings in doing these things, of 
course, but thtiy must be balanced against the sirapllcity and lack of 
fu^i? of an iil'N lu).;ic with automatic stacking and recall of intermediate 
reimlts, Keepinj^ track of what is in the stack (plus the capacity to 
vtrlfy that) al*^o has valuable learning potential. It seems possible 
that liVU logic mav be more easily transferable to thinking about com- 
puter prov^rarinini^. In other v/ords, t!te choice Is not nearly so clear-- 
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cut as has been suggested and there seems to us to be a rich field 
icr pedagogical inquiry here. (The fact that essentially all inex- 
p^^r.sive r.achines have algebraic lo^ic may decide the issue without 
invest ligation, widch would be unfortunate.) 

We have alre^ady sug^^ested that interesting pedagogical inquiries could 
follow from having machines available v;ith more functions than are 
Irnedtately faiTiiliar to a child. Might a third grader ask about square 
root? so, it could be easily explained, especially with a calcu- 

lator at haiid.) What about base-lO logarithms, say at a time when 
inte.'er powers of ten and their link to our numerations system- is 
already veil in hand? (With a calculator and hence no nonsense about 
extr.ific^iation fron: tables, etc., the discussion might be manageable 
r.Ti-li earlier than is now the case.) Would just the fact of seeing 
t line t ion ni'-es daily, even if never used or explained, make children 
^^^re receptive later on to work vjith, for example, trigonometric 
f'in.:tion^^? And so on. 

In th^j typical calculator, all input and intermediate data is lost 
'jrileBB recorded by hand. Printing calculators keijp track of all that, 
so are preferred by many for school use. But keeping a written record 
n^ay be valuable in itself. It may also decrease the remoteness and 
Kysteriousness of the ansv;er machine, (We have long felt that keep- 
a written record provides non--trivlal links between concrete ex- 
;*tfrit-t':e and abatract number processing and something like that may 
carrv over to calculators.) There is no doubt that children would 
""^avo tu Le carefully tjuigiit to keep such records; every teacher is 
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raniliar wir/u rhilJren who regularly erase all the work they do (or 
Jo it on a separate sheet to be thrown away), recording only the 
lia.il ansver. Undeed, we find this in the majority of children, 
indicatln^^ tnat "neatness" etc. Is taught as a virtue that takes pre- 
cedence over clarity and demonstration of process.) 
When Jecinial answers are involved, the standard eight-difiit display 
often ti'ives much more "accuracy" than is warranted. For younger 
children so many deciinal places is often an overload of information. 
^'iiQ can iraagine pedagogical advantar^es to the ability to choose hox^ 
:nanv ^Ui^ivial Ji?^lts will be displayed. If one can keep shifting the 
display (witli automatic roundoff) for a f^iven result (as Xv-ith several 
of Che HP calculators), then one can imaj'.ine a variety of beneficial 
learning; exercises. Just the necessity to choose in advance how 
^.uch inf orniatiun to keep v;ould iiave benefits. 

.J.:it^i;tit ic notiCion as available on many calculators might seem at 
tlr^t glance to be too complicated a code for use with younR child- 
lo.r. (ciiis ccide, in effect, changes every number to a pair of numbers 
the first givin^i significant dip.its and the second a power of 
.iuc our first reaction may be faulty and we should at least 
ci.eck on it by in\'eQti0;ating v;hcn and how children can learn to use 
^iuch a code vlth uaderetandinR. If: may be that even primary children 
zai: use that code to aonie extent, and it seems very likely that many 
-.lildren -uuld use it before it is taur,ht in the present curriculum, 
vi -never it ij teachable, it obviously opens up many new possibill- 
:Ies for uainq liumbero in applications. 



'\'_.^.\re. calculat ors durable enough for classroom use? 

Ihe history o£ classroom aids shows pretty clearly that things that 
get broken are simply no longer used. Teachers haven't the time or ener- 
Vy to g^3t things repaired, even asauminp, there is money for repairs and 
they know wiiere to send them. 

V/ith calculators, there are usually some initial failures with new 
-ichiaes— in one batch we bought, five of 24 machines had to be exchanged 
alnicst ir!!inediately but the failure rate in other batches was much lower. 
It BQevis to be the case that if they operate o.k. for a few hours, they 
:ire good for the lon^', run. Even so, in handling about 50 calculators we 
have hid to send four for repairs within the first year, even after ini- 
tial exchanges. Dropping and other rough handling is infrequent—children 
s^;er; to be pretty careftil — and in any case we can trace no failures directly 
to r-iuch treatcient. For inexpensive machines, repair costs after the usual 
vxie year warranty may exceed the price of a new machine. 

From our exp-rience it seems that if a school is to furnish machines, 
it should Mke sure of steady use for the first few hours to weed out and 
viiciuivh'.e initial failures; monitor carefully during the warranty period 
(usually one year), and then plan for about a 20% per year replacement (or 
r-irilr) rate ait^.'r tl^e warranty period. We haven't had calculators ]ong 
.-:vc-:.*'i to k^ow how hmii they will last before v;earing out altogether. 
' ' % .i^il flPtLXll^A.^ f r equent^ u nmana/^eabj^e ? 

TMs q?i»»gtion has represented one of the major barriers to thinking; 
J.-nit qrhool ua-. Suft teacher flatly refused to try out our machines with 
L c'o-n:eut "iiicae thln^^s have lens I" The firat ba.^ch of machines lent to 
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e%'er.il teachers quickly ended up in the school vault and only came out on 
:iT d i. ;:ra:i.:ti tint part ot the tri.ilr, were aimed at finding out if thefts 
Tjlii ttt unr.anav'eable. Iz/en so, on three oceaaions when a calculator 
COT, .1 baCv'fn v;as Inst (by theft f:roni desks or cablnetfj, not in use) 
r^^.crerg insisted! on t?iking up a collection to reimburse us, and written 
eedback fro-^ one Kucrs class made it very clear that students caught hell 
rr'*^ a t^racher v;ao donated to the collection. 

' ar experience In lending about fifty calculators in a V7lde variety 
r sit - algous over about a one year period is that aa far as v;e can tell 
o'^e v;ert^ strien ry the children actually usin.e then^. Five have been 
it !r. school 1 fron after-hours thefts from desk dra^^7er3 on cabinets. 
!z ::t::f/r 'lie havo been lost from loans to students and teachers from our 
' '^^''V;* li;j:.;ely controlled Tnathematics/science curriculum laboratory at 

;p Uiil w^rsi ny~^v'tica has the usual library problems of keepinR things in 
Irc^ulatioii version the riiik of loss. In other words, with feu special 
rticai;tions our los'i rata from snhool use, and lab use has been about 10% 
'^r ea-':,. Lately have etr-hed nnntbere on calculators and made up boxea 
tV: :;^;mr.ere^ F;torav;G cells (so it is obvious uhaix one is missing) and 

r/e tl..:ht:ened up security arran5^ement8; it is too early to tell the effect 

0 -r naTihir.efj vera lent when they were relatively expensive and rel- 
CilV'Bly navel. Vit'/i the f;ame machines now less than $10 and v;ith more 
'vi more in cl r'.vdation, temptations may diminish. But our experience 
i- €^-1 '13 ci'itionH wir.i; rGspect to distribution of expensive special pur- 
o^e r.ac^iine.i. Ab:o, ve will ncv/ routinely require that students in our 



tcichor triinin^ nlasj-je^ have their own calculators rather than lendinr, 
calculators fro:-, the- laboratory. Ihe problems (to the students them- 
^j',^lve.i>) of brkiakav^"*, or e/itortion have made ufg think it unwise to 

i^.isae calcuIitorG directly to children for out of school use, especially 
yin::i^ ct.iidreri. r^^en v;ith cheaper mchines direct ouTiership (or rental) 
Ke.ev^s pr<Cif erablt'' to schools supply Iju: calculators gratis. 
I'i, 'i*5v; Khoul d calculators be powered? 

I'rist of the printed advice to school buyers that XvO have seen advo- 
c-itos rechart'eablt* calculators, but ue aren't so sure. The extra coat 
ii 9nbBtantial. i'or a hatch of inachines kept in the clasflroom it is a 
nalor nuisance to t.eep cae:a on charners. Some rf^chargeable batteries are 
^.iid to acq-iire a 'memory'' for undercharr.ing"— that is^ if uaed before 
t'i!Iv cl:.iri*ed, they nay not then take a full charge unless allowed to run 
cc^-^vleliily dcv;n. If batteries do run doi^m, a calculator can't be used 
'i .til re^:harv;ed, rialeMii extra (and expensive) battery packs arc available. 

Although 8aort life of (non-rechargeable) batteries v;aa a major nui- 
sance (and 2KpenH9,) v;ith an early batch of machines we acquired, those 
'w^rve i.;atten lately with alkaline 9v transistor batteries last for about 
' * '..3ui'3 of actual use, x/nich is pood for several months for an individual 
t:;::? ^3 ca^etul .^hnTjt t^.indni:* off the machine when not in use. On the 
ot*:er ha»>i, a clasivroom set of calculators in continuous use during r^ever-- 
il claGB periodi per (h:iy would use up the 20 hours in just a few days. 

. rq (not re-caars;ers) are available for battery operated calcula-* 

tor^ but few clas^iroomg are set up with enough electrical plugs to make 
thiit yracrtical. 



■JUT experience is that problems in this area are a major deterrent 
I.: r.^itine classrccn use of calculators. On checking back with teachers 
C;? vhon we loaneJ calculators we i^ere frequently told that they and the 

idzi loveJ t:\e71, but they were out of service irom worn out batteries, 
ilhey were? :vjt back in service again only when I supplied the batteries,) 
Tew clajsrenmi^ have enough outlets to keep machines plugged in, and in 
duv ca.e tii.it: i^evetely restricts portability. Batteries are expensive; 
tri:hety -jiioul ir/t buy them and schools may be unwilling to. The problem 
I 3 dihi t le vr.osl likely solution may be, a«ain, individual stu- 

■ ivvX ownership ot tiieir own calculators, and hence responsibility to keep 
£;ip:n ill servicti, For school oi^ed sets, and perhaps even for school use 

f ir/vi it:: t owne i or rented calculators one solution mlp,ht be recharp,eable 
*v trausi-Jtor LMtterieB (if these exist at modest cost), v;ith straight 
iK<r-:dn;'i^. of run down for charged batteries, and special rechargers; that 
!:r:'Ie ninv barteries at once. A teacher would then simply keep a supply 
:t r.ari^ei batteries, anil turn in run down batteries for recharging in 
- "5 " . * en c ra 1 ') 1 ('i e • 
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Appendix 3; Lessons Learned from Other Teaching and Learning Aids 



The haiui-'held calculator ia different from other teaching and learn- 
in.^ aids vhich arc used or have appeared in mathematics education. Exper- 
ience wit.^ other aids may or may not generalize to calculators. But we ^ 
feel it is helpful to examine other teaching aids for possible clues with 
rtMjpect to the fucure of calculators. 

;;:is particular essay was motivated by an earlier paper of Rogers 
on the Barne topic. She lists four features which seem to separate endur- 
ing teaching aii^.::j from the others: 

"1. It must be inexpensive and/o)i- durable enough for child use. 
-I. It can be controlled by th^e learner. 

3. It solves problems (or does things) that the learner wants 
done. 

4. Its obsolescence is not contri\ed oy manufacturers. '* 

r^ne concluded that "the electronic calculator has the potential, as assessed 
a;^ain3t these i\.ur criteria, to be a teaching aid of enduring value," (Rogers, 1974) 

Blackboard 

io/ers disGusaed the blackboard in detail ^ noting that it is a teaching 
aid extenisively used in mathematics classrooms. It is an enduring teaching 
aid and, as she states, "it is almost unthinkable that a school would he 
billt '•^^•ith^ivit lots of blackboards." 

:.:is or course correct. But the blackboard example Indicates to 
t.uii III*' U'^'C'i.l iA V.<jfji'vt>* criteria nei'ds to l^e modified. In our 
v:^'W, ff*r tti.ytu ai'L^ uhicli teutl to Ik* used consldorahle control over 
W'.. n diiu :i;:v tK,'*'; art* uiied remains witli the teacher . 



Let us compare the blackboard and calculator. In most classrooms, 
the blackboard is strictly off-limits to children unless the teacher gives 
permission. Once a student has a calculator, the teacher has lost some 
control, particularly since, as we have noted previously, there are not yet 
appropriate materials which a teacher could use to j^uide the student. 
In short, a rainimun prerequisite for widespread use of calculators In 
the classroom would seem to be the availability of appropriate materials 
to allow the teacher a modicum of control over students' learnings. (There 
Is a subtle distinction here: the materials themselves might be quite 
open-ended. V^Tiat is important is that some structure be placed upon /the 
learning environment.) I 

One must also note that the blackboard is a one--tJUne escpense ueuall4 
covered ' in the cost of the original physiciil Vlant . Furthermore 5 a 
blackboard cannot be placed in a closet, ft I3 constantly available. 
other teaching aids nave tliese properties. 

Slide Rule ' 
The hand-held calculator has made ^he slide rule obso]|ete» For thio 
reason, the two aids are often compared. The elide rule si^tisfies Ro^^ers* 
criteria; also, itn use can be controlled by the teacher either by the ae*- 
lection of problems or by using eormaereial materials deaigned for this pur- 
pose. From the above arguments it then stands to reason that, with avail- 
able materialf:!, the calculator would become a fixture in the clasoroom. 
/■ 

BLit slide rules have never received widespread acceptance in ii^.athemo- 
tics classrooms. Indeed, their use was banned in moot mathematics claaa- 
roomij, even though in later high school and college couroes mauv studento 
were using them concurrently in science courses. 
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Why Imve slide rules never found a place in the mathematics class- 
room? Most importantly, because they.'do not give exact answers or answers . 
wtth as many, sigi^lficant figures as tables. There is a societal view of ' -\ 
tothemacics (also held uy many mathematicians and educators) that the dif f- 
ererice between mathematics and tjiie • sciences is that "mathematics is exact/' 
In this, paper we cannot examine that in detail,* but it is important to note 
that this view has worked* against those wlio advocate that estimation or 
prafeablliatic: notionj? be given a -nore prominent role' in the curriculum. 
Whether justified or not, paper and pencil Instead .ot slide* rule calculation 
has often been required'' in schools to achieve thiij supposed exactness. 

While calculators give more precision (and do it more ^quickly) than 
slide rules, th*ere are still limits on the number of significant figures. 
Also, relatively inexpensive calculators do not have as many' features as their 
slide rule counterparts (logarithms, trig/ functions , etc .) . Calculators'' 
^iliare the "trick*' pr ^^instant answer*' aspect with slide rules. 

la short, in the past mosfc students below tfie^^ ^ 
used sllJe rules* Hence, if the calculator is seen only as a ''better, faster 
^mde ruloj*' then its presence may not be felt in most school :lassroofns. 

Computer ' 
.^Itr^ough the hand-held calculatdr is the grandchild of th.e computer 
and ti;ey ;ihare a substantial theoretical base, the lesser cost and greater 
'v,:iiLr>t 1 Ity of tl.e calculator puts it in a different ballpark with respect 
: curriciilun. lentil the tine that there is a terminal In every room 

^ir If: a i3rr,e nurher of iiomesj tfiese two relatives must he trt^ted as 



Other l^Iathematical Aids 
There are other aids in mathematics: the overhead projector , abacus, 
geoboards, Cuisenaiii^e tod^, etc. , but these do not seem to have enough 
in common with calculators to make analogies worthwhile. So we turn to 
aiids in other disciplines. 

Motion Pictures * 
Once used by only a few physi'cal^ education, departments , movies are 
now a mainstay of any '^aj or school athletic program. They are used to 
provide examples of- what to do, what not to do,^ to go over performances, 
to help plan future strategies. As a result, the performance of teams has 
improved markedly in the past decade. 

Movies are expensive to produce and show. But this example'^ shows 
that, when a school feels that an aid will help performan^-, the. school 
will go to the\expense even when it is great and requires continual ex- 
penditures. 

Typewriter 

Typewriters and calculators have much in common. The typewriter 
makes it possible to write quickly, jbst as the calculator makes it pos- 
sible to quickly compute. Just as there are times when a\ typewriter is 
not available when one wishes to write, so there will be t^mes when 
si petson wants to compute and a calculator will not be avail- 
f'.le* A typist does not lose writing skills and we can expect that an 
adult wtfo has been taught to compute would not lose computation skills if 
:\ calciili^tcr were present. However, if a big Xv'rltlng Job i.^ desired ^ peo- 



pie tend to use typewriters or dictate for. others to type. Similarly, 
we already see calculators in every place where a good deal of arithmetic 
needs to be done. 

But how are typewriters ■ used in schools? Only in a few schools are 
typewriters used to motivate readinp, and other language skills. (The SRA 
television commercial with 5th graders beaming about what typing has- done 
for them comes to. mind. ) Even though most homes have typewriters, neither 
elementary nor high schools can require that work be typed, Rogers' first 
criterion (to be Inexpensive) and the size and weight of a typical type- 
writer are the deterrents to greater usage. 

Thus calculators and typewriters have corresponding features and we 
may learn from this. But the two major' differences (size and cost) make 
it unwise to generalise all experiences with typewriters to calculators. 

Dictionary 

There are great similarities between dictionaries and calculators. 
Both aids satisfy each of Rogers* criteria. Both are- available in models 
specifically designed for experth in a variety of fields and varying in 
sophiatic^tion. Costs are similar. Families have them at howe and they 
are bought as gifts, 

-'Similatitiea also exist with respect to the. curriculum. Both aids 
are identified with one major subject area (dictionaries In Language Arts 
or !:ru;bi.sh) hut can be used elsewhere, ' 

And aittiiUrities exist' with respect to the content of their disci pline, 
Ihri cUctlonary mlces almost all words in English equally accesaible to its • 
:iv^f^r, in vmch the «^irne luay that the calculator m^ikeB moot real numbers 



equally accessible to th^ mathematics student. The dictionary theoreti- 
cally makes spelling obsolete but^ you cannot make use of a dictionary 
unless you can spell a little; similarly, though the calculator theoreti- 
cally makes it unnecessary to learn arithmetic skills > you need to have 
some of these skills in order to use the calculator efficiently. 

These ^similarities make It reasonable to examine the use of diction- 
aries in classrooms^ Some teachers make Rteat use of the dictionary and 
plan units around it. - The dietionaty is a reference found in every ele- 
mentary . school , Rnp;lish classroom, and library. Curricula take into ac- 
count Tthat dictionaries exist but the richness of language arts seems to 
dictate that curricula are not designed around the d'ictionary. 

It is entirely possible and quite reasonable that calculators will 
ultimately have the same type of usage in mathematics classrooms. This 
would imply that students'will continue to learn basic mathematical skills 
(Just as spelling is still taught) but not all/ computation will be known 
by students (just as few people can spell all the words they need). 



In summary, if one looks at teaching and learning aids which have' 
tnuch In common with calculators and the eKtent to which these aids are 
used to their Unit in classrooms, one is forced to predict that calcula- 
tors will never be used to the extent suggested by some advocates. This 
would be in spite of the potential of the calculator to be a teaching aid 
of -c:ndurin5> value, , ■ 

R_ef erence 

.:--v r::>.:<jr3, TLt^ electronic Calculator— Another Teaching Aid?*^ Unpublished 
rarutr, Loy-I- ^"niver^ity of Chica^^o, 1974. ^ ^ 



Appendix C: Are Calculators a Crutch? 
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In chis section we consider a inajor argument against the 'use of 

calculators.* It is that calculators are a cratch- This argument under- 

lies' the thinking represented in quotes like the following: 

*'I understand the principle — get them motivated,,. , 
But I have yet to be convinced that handing them a 
machine and teaching them how to push the button 
is the right approach. . VJhat do they do when the 
battery runs 'out? I see a lot of low-rlevel math . 
) ^ ** among college students who still don't understand 

multiplication and division.' You take away their 
calculators and give them an exam ^i'n which they 
.have CO add 20 and 50, and they get it wrong. And 
•I*m talking about business majors, the^ people who 
wlXl soon be running my world," . 

(James R^ McKinney, professor of mathentatics , California Polytechnic State ' 
University of Pomona, as quoted in New York Times, Section IV, p. 7,, Jan. 5, 1975) 

"' JLhe ''crutch premise" is essentially that if you allow students to- 

us^ a calculator for arithmetic ^problej^^^^^ i)e done by hand, then j 

the students wilT be unable to do arithmetic when th^ calculator is absent. . 

It is a corollary to this premise that calculators should not be used with 

young students whc^'ara still learning arithmeitic. Another corollary to 

this premise is that calculators should not be used with older students 

who have not yet learned arithmetic — ■ i.e, ^ calculators should not be 

used in remedial classes, . 

We have discussed these notions before but now consider the crutch 

premise itself. We believe that, if the premise is accepted, then the 

prenence of calculators v;ill have no effect upon the arithmetic currlcu-- 

I urn* it 13 that strong a premise and we believe that it is a premise which 

rreaeneiy widalV' .accepted, Hox^evev we believe that the *'crutch premieo** 

.. i-^^ internal va lidity an d in _ the 



Let us give reasons for our belief. The crutch premise rests on 
a principle that a crutch is a bad thing. But in fact, for the injured 
-person a crutch may be a good thinR—even a necessity. In supermarkets t 
and a-ther, stores, calculating cash registers are necessities because of. 
.their accuracy and speed. And\ these "g.t^fe calculators came into Wide use 
at a time when the general populate was taught at least as much about cal- 
culation as it is today. ^ For both the injured man and the supermarket, ' 
presumably, the "crutcli" has become a "tool." But the capacity for a 
crutch (bad I), to be relabelled as a tool (good!) extends to many sltua- :. 
tions and the value Judg-ments may be altered simply by which label is 
jerceived as applicable, ' . • 

•'• It is common to cite the case of a real or theoretical student who j 
takes a calculator into an exam only to have the battery run out, after 
which the student is helpless, confused, etc. We do not doubt the accur- 
acy of such stories. RuC there are two questions to be asked: First, will 
the student allow this to happen on the next test? One would expect that 
a single, experience of this kind would suffice and a similar thing would 
not recur. Second, for how many students in the same test was the calcu- 
lator an asset? In short, the question may be whether to penalize the 
majority In a test because of unwise decisions which are bound to be made 
by a few. | 

y^'.en a computer or business machine breaks down in the real world ^, 
Know cf fftt-/ or.ganlzations which get rid of the idea of using the ma- 
c.-.ina. 'Jost get ic quickly flKed, or they buy a new one. It is a neces- 
sity \>^' life 5h.it machines break -lown or are unavailable but the increased 

^^^f^oimn-Q tjtsa then mts chan rsakea up for chase Inevitable 



-problems. Closer to the student's world, if an essay is required to be 
typed and the student's typewriter is not usable, the 8ijipie--8^]Urtion 
Is to find i^nother ty^jewriter, - 

the '*crutch'' premise leads to the conclusion that calculators should 
not be used in remedial arithmetic classes (such as general mathematics 
courses in high schools or junior colleges) , There is^^^^^ reason to be- 
lieve that this conclusion Is -falBe^;^^^^ calculators may "be more ap- 
propriate for- thesejBt0af^€3'''^i^Ti any other students of arithmetic. 

^ur^^j^e^oning is as follows* In the NAEP studies,. 34% of 17-year- 
olds -incorrectly answered 1/2 + 1/3;; 26% incorrectly answered 1/2 X 1/A. 
These are substantial percentages and they occur despite the existence of 
special courses in arithmetic for high school students in which such 
skills are covered. In fact/ it Is now estimated 'that about 40% of 
entering fresfinien are not sufficiently adept at ^arithmetic to enter al-- 
gebraV These students have had 8 years of arithmetic and not had success 
at it. So we give them more, and the NAEP studies of 17-year-olds show 
that the total experience is still not successful. So at present such 
people are condemned never to have arithmetic to use in their lives. For 
such people the calculator is not a crutch but provides the only way to 
get a right answer. Furthermore, the more crucial issue is not how the 
calculation is accompjished but rather knowing when and how to use arith- 
metic to solve problems or answer questions that in fact matter in the 

of people. The ability to use calculation is what we should expect 
tra?^ zbQfu: who ha^e cotnpietod their etudy^ of arithmetic. And it ia pre-- 
ciaelir t^in i^aue of skill va* ubp. that xnay be obscured by -adamant inaia- 

-r.n. all ::ulldr.ni !*iust hQ ur.cQllQnt pencil ami paper ealculatora* 



